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Abstract

With the advent of the possibility to study nuclcoii-nucleon scattering at medium
energies, its extension to investigate fundamental symmetries was recognized early
on. It was precisely the introduction of rotational invariance, parity conservation,
time reversal invariauce, and isotopic spin conservation that led to the description
of the N — N scattering matrix in terms of five complex amplitudes: one set of five
for proton-proton scattering and one set of five for neutron-proton scattering, or
alternatively, one set for the isotopic spin state / = 0 and the other for the isotopic
spin slate / = 1. Clearly, if one or more of the above constraints are removed, there
are additional amplitudes that need to be considered. To be .meaningful, experiment
requires observables that are particularly sensitive to thefviolation of a conservation
law or symmetry principle. During the last decade a series of precision experiments
has been performed to measure charge-symmetry breaking in n — p elastic scattering
(corresponding to isotopic spin non-conservation), and to measure parity violation
in p — p scattering. For a particle-anliparticle system, like the pp or AA system one
can raise the question of CP violation. A significant measurement of CP violation
in a system other than the neutral kaon system may become possible in the near
future through pp —• AA and pp —• EH. A description is given of the ongoing efforts
to measure charge symmetry breaking, parity violation and CP violation.

I. Charge Symmetry

The validity of charge symmetry has long been of fundamental interest and much
circumstantial evidence has accumulated over the years favouring charge symmetry
breaking (CSU) in order of a percent. Although low energy iiucleoii-nucleou scatter-
ing studies have shown a slight inequality of the n;i and pp scattering lciiglhs|lj with
the mi scattering length («„„ = -18.C±O.4 fin)[2j slightly more negative than the
Coulomb-corrected pp scattering length {urT = -17.3 ± 0.4 fm)l3], it has proved very
difficult to remove experimental and theoretical uncertainties to isolate charge sym-
metry breaking unequivocally. The uucquality of «„„ and ayv reflects the presence of
a charge-asymmetric/charge-dependent interaction, which preserves symmetry under
the interchange of the two nuclcous in isotopic spin space. The interaction can be
written V,, = D(TJ(1) + TS(2)), with T±(\) and T3(2) the third components of the
isolopic spin of nucleons 1 and 2, and D a function of space and spin coaidinatcs|4j.
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(Jliarge symmetry also leads to the complete separation of the isoscalar and isovee-
tor components of the n-p interaction. This in turn leads to the equality of the differ-
ential cross sections for polarized neutrons scattering from uupolarizcd protons and
vice versa. As a result An(6) = Av(9) where A denotes the analyzing power and where
the subscript represents the polarized nucleou. A nonvauishing asymmetry difference
is directly proportional to the isotopic spin singlet- triplet, spin triplet-singlet mixing
amplitude and therefore direct evidence of a charge-asyminetric/charge-dependent in-
teraction, which is asymmetric under tlte interchange of nucleons 1 and 2 in isotopic
spin space. The interaction is of the form Vu = £ ( T J ( 1 ) - Tj(2)) + F(f( l ) x f(2))3,
with E ajid F functions of space and spin coordinates. Following the scattering for-
malism as defined by LaFrancc and Winteruitz(5j the scattering matrix for n — p
elastic scattering can be written

+ (c - <i)(<7, • e)(oi • t) + e(<T, + 32) • n + /iT(ff, - <7j) • n) . (1)

Here £,ih, and A are unit vectors given as

\k,-ki\' \k\xij\'
(2)

with A., and Lj the initial and final state ceuter-of-mass nucleon momenta. The am-
plitudes u,6,c, d, e, and far are functions of center-of-mass energy E and scattering
angle 0. Written explicitly, the difference in the analyzing powers

AA(0) = An(0) - Ar(0) = - (3)

showing the proportionality to /yy, with ao the differential cross section for the
scattering of unpohuized neutrons from unpolarized protons. Experimental consider-
ations show that the quantity next in order of difficulty of measuring is the difference
in the spin-correlation parameters Cx,(0) and CtI(d). The correlation parameter Cx,
h<is the projectile spin transverse to the beam direction in the scattering plane and
the target spin longitudinal with the incident beam direction, while for CtI the re-
verse holds. Again charge symmetry leads to the equality of Ct,{Ji) and CtI(8), but
if charge symmetry is broken then one will be able to measure a difference:

= Ct,(8) - C.z(6) = - /m(c7 4 T ) . (4)

Charge symmetry is a less restrictive form of isotopic spin conservation, according
to which interactions must be invariant under a specific rotation in isotopic spin
space that interchanges every particle with its isotopic spin mirror (rotation by 180"
about the li axis, which reverses the sign of the third component of isotopic spin
(lj «-t — /:,)). Consequently on the quark level u •-»</, on the meson level w+ *-* w~,
and on the nuclcon level p <-» >i. Since the nucleon-nucleon interaction in the meson
exchange model description is mediated manifestly by piou exchanges, and since



the pion masses are invariant under the above rotutiou, experiments that measure
charge symmetry breaking potentially probe smaller isotopic spin non-conservation
effects that arise funilainentally at the quiirk level. In this context, isotopic spin non-
conscrvutiou stems from the ine<{uality of the u and d quark masses and from the
Coulomb interaction among the quarks.

The first measurement ever of CSD in n — p elastic scattering was performed
at TRIUMF|C]. The measurement of A/1 = An — Ay, at the zero-crossing angle
of the analyzing power, at an incident neutron energy of 477 MeV, has yielded
A/1 = (47 ± 22 ± 8) x 10~4, a little over two standard deviations elfect. More re-
cently the results of a similar experiment at a neutron energy of 183 MeV performed
at IUCF have been reported[7). The measured value of Ai4 = An — Ar, averaged over
the angular range 82.2" < 6CM < 11G.1° over which < A(ti) > averages to zero, is
(33.1 ± 5.9 ± 4.3) x 10~4, where again the first error represents mainly the statistical
uncertainty and the second error the systematic uncertainty. The latter result differs
from zero by 4.5 standard deviations (see Fig. 1). It differs from the value expected
from the electromagnetic spin-orbit interaction by 3.4 standard deviations. This dif-
ference represents the strongest ex)>enniental evidence to date of CSD in the nuclear
interaction. Due to the intrinsic difficulties present, measurements of AC = Czl — C,,
have not yet been attempted.

There are difficulties in extracting an angular distribution of AA(8). This follows
directly from the expression for the difference in the asymmetries for beam and target
polarized, respectively, or

- e, = AA(P» + P,)/2+ < A > (A - P.), (5)

pointing to the need of calibration of the beam and target polarizations (Pt and P,)
with an accuracy unattainable at present. In the analysis of the IUCF experiment this
difliculty was overcome by adjusting the ratio of (Pt/P,) until the error-weighted rius
value of A.i4(0) over the angular range of the experiment reached minimal variance.
Following this procedure the twelve point angular distribution shown in Fig. 2 was
obtained. The solid lines represent theoretical predictions[8,9] treated in an analogous
manner. The procedure does not work at 477 MeV where A/i(0) and < A(0) > have
zero-crossing angles in close proximity and consequently the angular dependences
are no longer orthogonal. If the theoretical calculations were consistent in their pre-
dictions of the zero-crossing angle of AA(6) one could in principle also determine
AP = Pi — P, and consequently the angular distribution of AA(0) would follow.

In general the measured analyzing power differences of the IUCF and TRIUMF
experiments are well reproduced by theoretical predictions based on meson exchange
potential models, which indirectly incorporate quark level effects. The calculations
include contributions from one photon exchange (the magnetic moment of the neutron
interacting with the current of the proton), from the neutron-proton mass difference
atiectiug charged one x- and ^-exchange, and from the more interesting isospin mixing
p"—u>° meson exchange. Some other smaller effects (like two jr-exchanges not included
in ^-exchange) have also been evaluated. The effects of it" — 7 mixing have not yet
been calculated. The theoretical results indicated by the solid and dashed lines in Fig.
1 are based on a momentum space version of the Bonn uucleon-nucleon potenlial(8j.
Note that the first two contributions mentioned suffice to give a theoretical prediction
in agreement with the TRIUMF result. This is because at 477 MeV the effect arising

from p" - u>° mixing crosses zero close to the zero-crossing angle of < A(0) >. It is
clear that the 1UCF result at 183 MeV requires inclusion of the p" — w° meson mixing
contribution, an approximately two standard deviation effect.

lu Fig. 2 the solid curve represents the Doini potential calculatiou[8J, including
p" — u>" mixing. It is in excellent agreement with the 12 data points. The uncertainty
in the calculations, due to the poorly known pNN and u>NN coupling constants, is
reflected by the difference in the solid curve of Holzenkamp, Holiude and Thomas
(HHT) of Ref.|8) and the dashed curve of Deyer and Williams (DW) of Ref.[9). The
better agreement with the data provided by calculations employing the stronger
coupling constants measures internal consistence among the ingredients of the HHT
calculations. A calculation self-consistent in the isotopic spin conserving ueutron-
protou interaction would be most welcome. However, the theoretical picture may be
far from settled as argued in a recent paper about off-euergy-shell etfects|10].

In order to delineate the various contributions to CSD, a new measurement at
300 MeV is underway at TRIUMF (E3G9) (Ref.|ll)). This new measurement is very
similar to the earlier TRIUMF measurement at 477 MeV|C]. Again designed as a
null experiment, its goal is to achieve an accuracy in Ai4 = AK — AT of ± 0.0005
(or ± 0.015° in the zero crossing angle), which is a factor four improvement over
the earlier measurement. The 350 MeV neutron beam is produced using the (p,»)
reaction and a proton beam with an intensity of about 2 ft A and a polarization of
about 0.70 incident oil a 0.21 in long LDj target. The energy, the polarization, the
position and direction of the proton beam are monitored throughout the experiment
and controlled (in the case of position and direction) using a feedback system coupling
two sets of split-plate secondary emission monitors (which determine the median of
the intensity distribution) with steering magnets upstream in the beam transport
line. At the two sets of split-plate secondary emission monitors the beam position
is kept fixed with a a =0 .1 mm (x and y intensity profiles). The beam energy
monitor, based on range determinations, allows the beam energy to be kept constant
with a a of less than 30 keV (through minute changes in RF of the cyclotron). The
polarization is transferred from the proton to the neutron by making use of the
large sideways to sideways polarization transfer coefficient r, (—0.88 at 3C4 MeV).
Required rotations of the polarization directions are effectuated by a solenoid magnet
(for the proton polarization direction) and a combination of two dipole magnets
(for the neutron polarization direction). The 9° neutron beam passes a 3.3 in long,
tapered steel collimator before impinging on a frozen spin type polarized proton
target positioned at 12.85 in from the center of the LDj target. The frozen spin
target contains butauol beads of ~1.5 mm diameter contained in a target cell of
dimensions 20 nun wide, by 35 mm long, by 55 mm high. Typical polarizations are
0.70 or higher. Scattered neutrons are detected in the angle range 24.0" to 42.4° in
large area scintillation counters, while the recoil protons are observed in scintillation
counter/wire chamber telesco|>es nominally centered at 53". The detection apparatus
has reflection symmetry about the neutron beam axis to increase the event rate and
allow certain systematic errors to be cancelled (a three dimensional picture of the
experimental setup is shown in Fig. 3). At the zero-crossing angle all systematic errors,
except those due to background corrections, are eliminated to second order. With a
solid angle considerably larger than in the previous experiment (at 477 MeV) it will
be possible to obtain an angular distribution for AA(ti) which includes a region where



the interesting p" — u)° mixing is relatively large. Hut note that at most the shape of
the angular distribution of AJ4 is accessible in these experiments unless one is able
to determine AP/P with high precision, where AP = Pt - Pt and P = (I\ + P,)/2.
In order to arrive at the desired precision in AA(6) of about ± 0.0020 in bins of a
few degrees, the experiment makes use of the high intensity provided by the recently
developed optically pumped polarized li~ ion source. The experiment is in the process
(if data taking; olf-line data analysis is progressing simultaneously.

II. The Flavor Conserving Hadroiiic Weuk Interaction

Because flavor changing neutral currents are almost completely suppressed by
the G.I.M. mechanism, the study of hadronic neutral currents in nuclear systems
provides a unique window on hudionic weak neutral currents. Parity violation in
nuclear systems is the only flavor conserving process in which hadronic weak neu-
tral currents can be observed. At low and intermediate energies, the parity violating
weak N — N interaction is described in terms of a meson exchange model involving
a strong interaction vertex, and a weak interaction vertex. The strong interaction
vertex is thought to be understood and is represented by the conventional parame-
terization of the N — N interaction. The weak interaction vertex is calculated from
the Weinberg-Salam model assuming that W- and Z- bosons are exchanged between
the intermediate mesons (x,p and u>) and constituent quarks of the uucleon. The
interaction can then be described in terms of six weak ineson-nuclcon coupling con-
stants. The exchange of neutral scalar mesons is suppressed by CP conservation by
a factor of a few times 103. The six weak mesou-nuclcou coupling constants (/,}, /i",
/ij,, /(J, /i", li[,, with the superscripts indicating isospin changes) have been calculated
by Dcsplanqucs, Donoghue, and Holstein (DDH)[12) synthesizing the quark model
and SU(C) and treating strong interaction effects in renormalizatiou group theory.
These authors tabulated "best guess" values and "reasonable ranges". Similar calcu-
lations have been made more recently by Dubovik and Zenkin (DZ)[13). Extending
the earlier work in the nucleou sector, Feldman, Crawford, Dubach and Holstein
(FCDH)[14] included the weak A-nucleon-meson and A — A-ineson parity violating
vertices for *", p, and u> mesons. The latter authors also present both theoretical "best
values" and a theoretical range for the weak meson-nucleon coupling constants. Using
the expressions of an earlier paper by Desplanques[l5) the same authors present a
third set of weak meson-nucleon coupling constants (D). It is apparent that these
coupling constants carry considerable ranges of uncertainty (see Table 1). In a review
article, Adelberger and Haxtou (AH)[1C| fitted the most significant nuclear parity
violation data to a two-parameter expression based on the formalism of DDH. Un-
fortunately, the resulting values of the weak meson-nucleon coupling-constants were
only marginally better constrained than the "reasonable range" of the theoretical
predictions of DDH and of FCDH (see Table 1). A complete determination of the
six weak meson-nucleon coupling constants requires at least six linearly independent
pieces of experimental information. As of to date essentially only four ex|>erimcutal
constraints of significance exist (see Table 2). As a consequence one needs several
new precision parity violation measurements.

As already indicated in Table 2, measurements of parity violation have dealt with
nuclei where nuclear matrix elements amplify the parity violating part of the hadronic
interaction, as in measurements of the circular polarization of gamma rays emitted

from parity mixed doublets of nuclei in the 2« — Id shell) 17| and in measurements
of the helicity dependence uf the scattering cross section or capture cross section of
cpithennal neutrons on heavy nuclei, like ^ U and •mTh[l8). For these measurements
there is also a dynamical enhancement factor consisting of the product of the reci-
procal of the energy dilference of the parity mixed states and the ratio of the particle
decay widths of the states in question. The total enhancement factor may be us
large as 10s giving parity violating ellecls in the order of a percent or larger. Other
measurements have dealt with the circular polarization of 7 rays for n — p capture) 19]
or have dealt with the angle-averaged longitudinal analyzing power A, in ]>—*Hc|20|
in p — d\2l\ or in p — p scat'tering[22]. Here A, is defined as

A. = (0)

where a* and a represent the scattering cross sections for polarized incident protons
of positive and negative helicity, respectively. A non-zero value of A, implies parity
violation due to the non-zero pseudo-scalar observable a • p, with a the spin and p
the momentum of the incident particle. It is to be noted that the measurement of
A, in p — p scattering is sensitive only to the short-range part of the parity violating
interaction.

Parity and time-reversal-iuvariance violating terms in the scattering matrix"for
p - p scattering were incorporated by Woodrutf|23) and Thorndike(24|. The form of
the scattering matrix becomes (ignoring time-reversal-invariance violating terms)

M(kt.ki) = ^{(a + b) + (a - 6)(a, • n)(a2 • n) + (c + <i)(a, • ,«)(<?> • m)

+ (c - <i)(<7, • /)(<7j • /) + e(3v + <rj) • n + r(<7, • / - at • /)
(7)

where /, ril, and n are unit vectors and k, and kf are momentum vectors as defined
above. The amplitudes a, b, c, J, c, r, and 3 are functions of center-of-iuass energy
E and scattering angle 0. The additional amplitudes r and s are-the purity violating
amplitudes introduced by Woodruff and Thorndike (after multiplication by a factor
2)[20j. Written explicitly the longitudinal analyzing power

(8)

-{[R<:(a + b - c + d)'r - Re(e's)) c
u

[Im(a - b + c - d)'s - Jm(e'r)\ sin(t?/2)}.

hi practice, it is almost impossible to measure the angular dependence of the longi-
tudinal analyzing power A,(i>) and consequently the measurements have to resort to
an angle-averaged longitudinal analyzing power A,.

Impressively precise measurements of A, in p—p scattering have been made at 13.6
MeV \A, - (-(J.93±0.20±0.05)*10-7| at the University of Bonn and at 45 MeV [A, =
(-1 &0 ± 0.22) * 10"7), ut the Paul Scherrer Institute (PSI)|2C). These measurements,
essentially involving only the first parity violating transition amplitude ('5U

 JPU) in
a partial wave decomposition of A,, have provided a constraint on a combination



of It,, and h^. Note that from the PSI measurement at 45 MeV and the \fE energy
dependence of A, at low energies one can extrapolate A, at 13.C MeV to be A, =
(—0.8 ± 0.1) * 10~7. Both results allow pinning down the combination of elfeclive p
and ui iiicsou-nuclcon coupling constants h*r and /i£F, with hv* — h°f + h'f + 't^/v/G
and /»J* = /*" + Itl. The energy dependence of the first two partial wave contributions
to A, corresponding to the transition amplitudes ('So —3Pu) and (-'/j —' Dj) are
shown in Fig. 4 (Ref.|27|). In the low energy region there is good agreement between
these theoretical predictions and experiment. In order to obtain a second constraint
on the weak nieson-nucleon coupling constants from p — p scattering, it is necessary
to measure A, at a higher energy but below the meson production threshold. There
exists one measurement of A, in p — p scattering at the higher energy of 800 MeV|28).

As shown in Fig. 4 a unique feature is present at 230 MeV: the ('Su —3 Pa) partial
wave contribution to A, integrates to zero. This reflects the direct cancellation of
the ' Su and 3PO strong interaction phases and is completely independent of the weak
meson-nucleou coupling constants. Thus, with the exception of a small contribution
(~5%) from the ('Dj—3 Ft) transition amplitude, a measurement of A, at this energy
constitutes a measurement of the (JPi —lDj) partial wave contribution alone. It has
been shown by Siinonius[29J that the (^[\ —lDj) partial wave contribution depends
only weakly on uj-exchange whereas p-exchange and ui-exchauge contribute to the
('So — 3Pu) transition amplitude with equal weight. Consequently, a measurement of
A, at 230 MeV constitutes a determination of h*r. Various theoretical predictions of
the longitudinal analyzing power A, have been reported; at 230 MeV the values for
A, predicted are +0.C x 10'7 (Ref.|27]), +0.7 x 10"7 (Rcf.|30|), and +0.C X 10"7

(Ref.|31]) (see Fig. 5).
Various authors have extended the single meson exchange model to include 2* and

p exchange via N — A intermediate states to which the 3Pj — 'Di transition amplitude
is particularly sensitive. For example, Iqbal and Niskanen in a recent report find that
the A isobar contribution at 230 MeV may be as large as the single p exchange
contribution, enhancing the value of A, by a factor of two. This all indicates that an
accuracy of ±2 • 10~" in A, at 230 MeV would provide a significant determination
of parity violation \u p — p scattering. Such an experiment is in an advanced state of
preparation at TR1UMF[33).

In the TR1UMF experiment a beam of 500 nA with a polarization of 0.70 to 0.80,
extracted from the optically pumped polarized ion source, is accelerated through the
cyclotron to an energy of 230 McV. A combination of solcnoid-dipole-solenoid-dipolc
magnets on the beam line provides a longitudinally polarized beam with positive or
negative helicity. The quantity A, then follows from the helicity dependence of the
p — p total cross section as determined in precise measurements of the transmission
through a 0.30 m long LHj target: A, = (-1/P)(T/S)(T+ -T") / (T+ +T"), where P
is the incident beam longitudinal polarization, T = 1 — S is the average transmission
through the target, and the + and — signs indicate the helicity state.

There arc many other effects which mimic such a helicity correlated change in
transmission. Very strict constraints are imposed on the incident longitudinally po-
larized beam iu terms of position, direction, emittaucc, intensity, polarization and
energy together with deviations of the detection apparatus from cylindrical symme-
try. Systematic errors, arising from the imperfections are individually not to exceed
one tenth of the total error on A,. Particularly troublesome are residual transverse

polarizations. Of these, the so-called "circulating" or tirst inomenIs of transverse po-
larization (< xl'y > and < yl't >) are predicted from simulations to give systematic
errors in A, of about 4 x 10"4 mm'1. Iu addition to the strict constraints on incident
beam and detection apparatus required to minimize systematic errors, the approach
which is being followed is to further measure the sensitivity to residual errors, to
monitor these errors and to make corrections as necessary.

Figure G provides a diagram of the experimental setup. The beam, incident from
the lower right, passes first a series of diagnostic devices - a pair of beam intensity
profile monitors (IPM's), which also determine the beam current median, and a pair
of transverse polarization profile monitors (PPM's) - before reaching the LHj tar-
get which is preceded and followed by transverse electric field ioiiization chambers
(TRIC's) which measure the beam current. Fast steering magnets through a feed back
loop keep the beam current median fixed to ±10 fim. The superconducting solenoid
between the fast steering magnets is for control measurements only and is normally
turned olf. The parity beam line will be constructed at TRIUMF in 1993, allowing
all the pieces of instrumentation to be assembled together for the first time. Table 3
shows the beam and detector properties required and what has been achieved so far.

Further measurements of A, in p — p scattering are being planned at COSV(34J.
The incident proton energies are 230 MeV, for reasons outlined above, and 1.5 GeV.
The choice of the latter energy or even higher energy available at COSY (<2.5 GeV)
is iu part motivated by the earlier 5.13 GeV measurement of A, (on a water target)
at the ZGS which resulted in A, = (+2G.5 ± 6.0) x 10"7 (Ref.(35|). The theoretical
interpretation of this unexpectedly large result at 5.13 GeV has created a great deal
of controversy. The theoretical prediction shown in Fig. 5 is due to Goldman and
Prcstoii|3C). Clearly, the 5.13 GeV result presents a great challenge both in terms of
experimental continuation and theoretical explanation.

III. CP

CP noil-conservation has been established exclusively through measurements of
t and t'/( from kaon decays. There appears to be at present a discrepancy between
the CEftN (NA31) and FNAL (E731) results for f'A[37j. Any non-zero result from
any other system wuuld be very important in helping to determine the origin of CP
iion-cuiiservatiou. Limits on the magnitude of CP non-conservation are less uvjfu),
especially in nuclear systems where there are uncertainties iu interpretation. There
exists no direct evidence of time-reversal non-invariance but it is strongly implied by
CPT invariance together with CP non-conservation.

An important observable in pscudoscalar meson decays into two leptons is the de-
gree of longitudinal polarization of the positively or negatively charged lepton. If the
meson is an cigeuslale of CP, the parity conserving amplitude is CP conserving and
the purity violating amplitude is CP uou-conserviug[38]. Consequently, the leptons
ran have a longitudinal polarization only in the presence of a. CP non-conserving
qiiark'lcpton neutral current interaction. Estimates for the CP non-conserving lon-
gitudinal polarization of the unions in the decay t) —» n*(i~ have most recently
been reviewed by Herczeg|39). experimental accuracies of at least ±0.01 should be
attained. Such a search for inuou polarization in ?/ —» f«+/i~ might be attractive,
because of the possibility to measure the inuou polarization through niuoii decay and
also because of the relatively large branching ratio. Large >y production cross sections
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occur just above threshold as for instance in T p —> nij and pd —••'lie;/. These reac-
tions allow for obtaining tagged r; beams. The first production reaction requires an
intense ir~ beam at an advanced hadrou facility. A new measurement of the branch-
ing ratio (BR) for 7/ —» fi+fi~ using pd —»Jlle»/ has been made at SATURNE. The
result DR(,i - /<+/i~) = |5.CiS;¥(stat.) ± 0.5(syst.)| • 10'° (Rcf.|40)) is close to the
unitarity bound of 4.3 * 10~fi. This places an important constraint on the real part
of the CP conserving amplitude. A measurement of the CP non-conserving longitu-
dinal polarization of the inuons would be an extremely challenging task lying at the
border of what is presently technically feasible.

Straightforward in interpretation are comparisons of decay asymmetries in hyperon
nou-leptonic decays, as in A —• p*~ and A —» p*+ , from the analysis of J/ip —»
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 c-chanuel exchange of A'-inesous versus JJ quark pair creation.
For pp —» AA three quantities may be considered, which arc related to the CP non-
conserving phases and for which non-zero values would indicate CP non-conservation:

= (r-r)/(r (9)

(10)

?)• (11)

In these ratios, P, a, and fi are the partial decay width and the decay parameters
for a given non-leptouic decay mode of the hyperon. The ratios can be estimated to
be related by roughly D = 10.A = 100A. Estimates of A are of the order of 10"*
to 2 x II)"5 in the Kobayashi-Maskawa model, in the Weinberg-Higgs model, and in
the left-right symmetric model[411. From an experimental point of view it is most
promising to measure the ratio A, which reflects the difference in the A and A decay
asymmetry parameters. The ratio D has a greater sensitivity to a CP non-conserving
effect. Since it depends on a measurement of the polarization of the A and A decay
products, it requires polaruneter calibrations to a level which cannot be attained at
present (certainly not for antiprotons). An interim result on the asymmetry parameter

is A = 0.013 ± 0.028|42], it represents the average of the results at three incident p
momenta (1.54C GeV/c, 1.C42 GeV/c, and 1.C95 GeV/c). It might be possible that
with improvements in the incident p beam and the detection system, the ongoing
effort at CERN-LEAR (PS185) will reach a level of accuracy of 10"V If A w 10""
is to be measured with 3(7 accuracy then about 10" events would be needed. For a
measurement of the ratio D, the exclusive production process pp —• E+E" —• AIT+ATT"
presents a promising, unique case. It would allow for measuring the hyperou decay
product polarization differences in addition to the decay products asymmetries. The
exclusive production process pp -» E!+E" cannot be reached at CERN-LEAR. Clearly,
an advanced hadrou facility like KAON has great potential for the search for AS = 1
direct CP non-conservation in hyperou decays.

IV. Summary

The intermediate energy physics facilities have made it possible to measure the
violation of symmetry relations and conservation laws to very high precision, prob-
ing in many cases previously inaccessible features of strongly interacting particles.
Spin is an important commodity in studying such violations in N — N and N — N
systems. These studies have given a perspective of a broad range of future precision
experiments which strongly depend on the realization of an advanced hadrou facility.
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Figure Captious

Fig. 1. Measured values of A/t for u - y elastic scattering al 183 MrV (IUCF re-

sult) and 477 MeV (TR1UMF result). The horizontal solid lines represent theoretical

predictions of HHT (Ref.[8]).

Fig. 2. Measured angular distribution for A/1 compared witli the theoretical predic-

tions of HUT (Ref.[8J) and BW (Ref.[9|). Experimental results and theoretical pre-

dictions have been subjected to a "A/I" variance niiuiuiizaliou procedure (lief.[7]).

Fig. 3. Three dimensional view of the detection system of the TR1UMF charge sym-

metry breaking experiment at 350 MeV.

Fig. 4. Partial wave contributions to A, in j7—» \> scattering as a function of incident

energy.

Fig. 5. Energy dependence of A,. Various theoretical curves are compared to the data.

The predictions of l<|bal and Niskaneu (Ref.|30]) and Oka (Ref.[32J) are based on the

meson exchange model, the one of Goldman and Preston (Ref.|3G|) on a dkiuark

model.

Fig. G. Three dimensional view of the parity violation experiment at 230 MeV in

preparation at TklUMF.



'Cable 1. Weak IIH-SOII mitleoii couplings constants

(all rnlrics are multiplied by a (actor of IU7).
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Table 2. Significant ex|>oriiucutai constraints uu wciik iiu'son-nuclcon couplings.
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