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HYPERON-NUCLEON INTERACTIONS:
OPEN PROBLEMS AND KEY ISSUES

CARL B. DOVER

Physics Department, Brookhaven National Laboratory
Upton, New York 11973, USA

ABSTRACT

We focus on open problems relating to hyperon—nucleon (YN)
and hyperon-hyperon (YY) interactions in free space and in the
nuclear medium. We include a discussion of meson exchange and
quark/gluon descriptions of the two-body interaction, its spin de-
pendence, the role of AN — XN and AA — ZN coupling, hyperon
mean fields in nuclei, YN — NN and YY — YN weak decays,
among other topics.

1. Introduction and Motivation

The nucleon—nucleon (NN) interaction has been extensively studied in preci-
sion experiments spanning the last four decades. The available NN data include
differential and total cross sections and spin observables over a wide range of
energy from threshold to 800 MeV (LAMPF) and above. The detailed knowl-
edge of the energy and spin dependence of the NN force has permitted the ex-
traction of scattering phase shifts in various partial waves {LSJI}, where L =
orbital angular momentum, S = intrinsic spin, J = total angular momentum and
I = isospin. The coupling of partial waves by tensor forces (for example, 3S; —3D;)
is characterized by additional mixing coefficients € 7. This wealth of information on
NN strong interactions can then be confronted by theory, for instance one boson
exchange (OBE) models!? or the Paris potential3.

The hyperon-nucleon (YN) interaction, the focal point of this Seminar, is much
less well known than the NN force. Only a few cross section measurements? have
been made, in a very limited momentum range, and virtually no spin information
is available. The OBE description has been extended to the strangeness S # 0
sector®~8, but strong dynamical assumptions, for instance SU(3) or SU(3) symme-
try for coupling constants, are made in order to restrict the number of parameters.
The limited YN data, particularly the absence of spin observables,” do not afford
a stringent test of these models, and more measurements are urgently needed.

In this talk, I will try to highlight some of the open problems and key issues
regarding hyperon-nucleon interactions. More generally, these issues relate to the



dynamics of strange quarks in low and medium energy strong interactions, i.e. in
the regime of non-perturbative quantum chromodynamics (QCD).

The outline of the talk is as follows: In Section 2, the properties of the two—
body YN and YY interactions in free space are discussed. We emphasize how a few
key measyrements could provide important constraints on the theoretical descrip-
tion. Implications of short range quark/gluon interactions and strange dibaryons
are also mentioned. In Section 3, we review the available information on the nature
of the effective two-body YN interaction in nuclei. Due to studies of hypernuclear
spectroscopy®1?, and particularly hypernuclear v rays!H12 more is known about
the spin dependence of the effective YN interaction than the free space one. Here
there are good prospects for further progress on the experimental front, at CEBAF,
KEK and Brookhaven, by means of higher resolution experiments.

In Section 4, we comment on hyperon (A, ¥, Z) mean fields in the nucleus,
and how these reflect averaged properties of the effective two—body interactions.
We discuss prospects for finding a new spectroscopy of = quasiparticle states in
nuclei, and provide some estimates of their decay widths.

The hypernucleus provides a unique laboratory for the study of the strangeness
changing (AS =1) AN — NN and AA — Y N weak interactions. Some unsolved
problems regarding the validity of meson exchange models and the AI = 1/2 rule
for such processes are emphasized in Section 5. Finally, the prospects for exper-

imental and theoretical progress in our study of YN interactions are summarized
in Section 6.

2. Two—Body Hyperon—Nucleon Interactions in Free Space

In this section, we first review the data, and then provide a discussion of the
theoretical framework for describing YN scattering, focusing on meson exchange
models. We also mention the quark/gluon calculations for the short range interac-
tion and their possible implications for the existence of strange dibaryon resonances
or bound states.

2.1. The Data on YN Scattering

For the nucleon—nucleon (NN) system, abundant scattering data are available,
including the crucial spin observables (polarization, spin rotation, etc.) which en-
able us to unravel the spin dependent partial wave amplitudes from a phase shift
analysis. In addition, the existence of a two-body np bound state, the deuteron,
yields further constraints, particularly on the tensor (Sj2) interaction. No cor-
responding AN or ¥N bound state has ever been seen. For hyperon-nucleon
(YN) scattering, the data* are much more meager, consisting mainly of differ-
ential and total cross section measurements at low momenta for the Ap — Ap,
Y, Ttp — Ttp and ¥7p — IT7p, =%, An reactions. There is also some
data on Ap total cross sections at very high energy!?, for instance from Fermilab.
There is some meager data, with large error bars, on left-right asymmetry and



polarization!4 in ¥~p — An, but no other spin quantities have been obtained. At
low momenta (< 500 MeV/c), pion production (YN — Y N7) is not yet impor-
tant, and the data can be interpreted in terms of a potential model with meson
exchanges. We restrict our attention to this regime.

2.2. One Boson Ezchange Models

The most detailed one boson exchange (OBE) models of the YN interaction
have been constructed by the Nijmegen group, in both hard core® and soft core®
versions, and more recently by the Bonn -Jilich group.”® In the general form
of the OBE model, the baryon-baryon potential is generated by the exchange of
nonets of pseudoscalar (r, 1, ', K), vector (p, w, ¢, K*) and scalar mesons. An
essential feature of scalar exchange is an effective o(or ¢€), with a mass of order 500
MeV. This phenomenological object generates much of the spin-isospin indepen-
dent medium range attraction in the potential, as well as an important component
of the spin—orbit interaction. Sometimes a Pomeron exchange is included®, which
is thought to encompass a class of non—perturbative multi-gluon processes.

In the NN sector, the most important exchanges are the {7, p, w}, which
are quark-antiquark (QQ) systems containing non-strange quarks (u,d) and an-
tiquarks (@,d), plus the effective o, whose quark composition is unclear. Mesons
containing strange quarks (K, K*, ¢) play essentially no role in NN scattering,
but are activated in YN and YY processes. For instance, K exchange generates
the longest range part of the AN — NA potential, whereas 7 exchange is absent
in first order. In S = —2 interactions (AA, ZN for example), strange mesons are
expected to play an even more important réle!® than for $ = —1.

If the couplings of strange mesons to hyperons are left as free parameters,
one would encounter no difficulties in fitting the limited YN data, but very little
would be learned. A more reasonable strategy is to limit the choice of parameters
by imposing SU(3) symmetry on the coupling constants. The breaking of SU(3)
then occurs through the use of the observed masses for the baryons and exchanged
mesons. For example, the SU(3) relations for the coupling constants ggg,, of the
1/2% baryon octet (N, A, £, Z) to the 0~ meson octet (7, 73, K, K) assume the
form (units of gy, )

(14 2a)
IANK T —‘—7—3——7 Ieng =1—2a, ggs, = 2a,

Innng = (40 = 1)/V3, gpae = Issng = ~Yanrg = 2 (1-a)/V3 (1)

where a is the pseudoscalar F/D ratio. In the Nijmegen models,>® « is adjusted
phenomenologically to achieve a best fit to the data (a = 0.485 for Model D
Ref. 5, a = 0.355 for the soft core version Ref. 6), whereas one version of the Bonn
model”® imposes the stronger constraint of SU(6) symmetry, for which « = 2/5.
Values of « for the magnetic (f) and electric (g) couplings of vector mesons must
also be chosen, as well as the SU(3) character of the 0. These SU(3) parameters



are not uniquely determined by the limited YN data, since changes in the a’s can
be accommodated by modifications in the short range cutoffs, in order to achieve
a comparable fit to the data. A sizable number of parameters are hidden in the
short range parametrization of the OBE potentials, so one is unable to draw a firm
conclusion as to whether SU(3) symmetry is in fact satisfied for coupling constants.
One can assert, however, that this assumption is at least consistent with the data.

We know that SU(3) symmetry must be broken, since the differing exchanged
meson masses lead to potentials of significantly different range (1/pr ~ 1.4 fm,
1/pk = 0.4 fm for 7 and K exchange, for instance). It remains an interesting
question as to whether some remnants of SU(3) symmetry survive in the scattering
cross sections. In the SU(3) limit, one obtains the following relations!® for the s—
wave (L = 0) cross sections og,1 corresponding to singlet (¢¢) and triplet (¢7) spin
states:

oo (E¥p — £¥p) = 09 (np — np)

o9 (E_p — An) = %0’0 (E_p - Eon)
oo(Ap — Ap) = —613 509 (Z+p — 2+p) + oy (E’p — E-p) ~ gao (E—p — Zon)

1
o1(Ap — Ap) = 2 [301 (Z_p — E-p) + 303 (Z—p — Eon) - 03 (E+p — Z'*'p)]

oo (E7p — Eon):ag (Ep— EOA) 100 (E_p — AA) =1 3:% (2)
In Nijmegen Model D, these relations are found to be satisfied!® at the 30% level,
after suitable phase space factors are removed. Experimental tests of Eq. (2) would
require knowledge of spin-separated cross sections 0g; at very low momentum
where s—wave scattering is dominant. No such data are currently available.

We now discuss some of the striking differences in the predictions of various
OBE models for observables which have so far not been measured. In particular,
these models produce about the same spin—averaged total cross sections, but quite
different spin observables. Even at the level of differential cross sections, significant
differences already appear. For example, in Nijmegen Model F, do/d(cos ) for
the Z™p — An reaction at 160 MeV /c decreases monotonically from about 100
mb at § = 0° to 45 mb at § = 180°. In contrast, in Bonn Models A and B,
do/d(cos ) is nearly isotropic, at the level of 70 mb. The integrated o’s are
about the same. Similar behavior is observed for ¥*p — N¥p elastic scattering:
do /d(cos 8) exhibits a dramatic forward peak for Model F, while Bonn Models
A B lead to only a modest peak at § = 0°. The data appear to show some forward
peaking, but the error bars are very large, and one cannot clearly choose between
the models. Thus there is a strong motivation to measure the angular distributions

for YN scattering with increased precision, in order to further constrain the OBE
models.



The source of the anisotropy in the Nijmegen models is the relatively strong
p—wave amplitudes at low momentum, compared to those in the Bonn model. This
difference also shows up strongly in numerous spin observables, for instance the po-
larization P, the depolarization D, and the spin rotation parameters {R, A, R', A'}.
Comparisons of these quantities for Bonn A,B vs. the Nijmegen soft core (NSC)
model have been given by Reuber et al.® The differences are large, and measure-
ments of P(6) to £0.1 near § = 90° for low momentum Ap — Ap elastic scattering
would be sufficient to distinguish between the models. (NSC predicts P(6) ~ 0.6
at 90°, Bonn B gives 0.3, and Bonn A about 0.15.) The predicted spin transfer pa-
rameter D, , for 100 MeV Ap scattering also displays dramatic model dependence:
NSC gives Dy, > 0.65 for all §, whereas Bonn A yields Dy, < 0, with maximum
differences near § = 90°. Any experimental information on spin observables would
be most welcome, as a means of constraining potential models. It is unlikely that
any of the current parametrizations on the market will yield correct predictions
for spin observables. However, the framework of the OBE model is likely to be
sufficiently flexible, through its multi-parameter short range part, to handle any
influx of new data. A weakness of the OBE models is that the short range part
is treated in a purely phenomenological way, and one can absorb many ills by
parameter fitting. For example, the flexibility in the short range cutoffs impede
the extraction of unique values for the F/D ratios «, which are the quantities of
interest in an SU(3) picture.

At about 650 MeV/c, one reaches the thresholds for the Ap — E¥n, ¥0p
reactions. Near these thresholds, a cusp should appear in the Ap — Ap total cross
section. In Nijmegen Model F, there is a strong cusp, corresponding to a jump in
o by about a factor of two. The magnitude of the cusp effect is sensitive to the
AN — TN coupling potential. Existing data are too poor to ‘even establish the
presence of the cusp, much less its size. Further measurements of the Ap — Ap
cross section in the region between 500-700 MeV /c are indicated, with rather fine
momentum intervals.

2.3. Quark/Gluon Ezchange and Short Range Hyperon Interactions

In the OBE model, one introduces phenomenological cutoffs to temper the
short range behavior of the meson exchange potentials. This is clearly not a
satisfactory procedure, and one would like to replace it by a more fundamental
description in terms of quarks and gluons, the underlying constituents of QCD.
At short distances, the baryons overlap, and the notion of a meson exchange
potential loses its validity: quark degrees of freedom must come into play. The
operative question is how to implement this idea in the non-perturbative regime
of QCD which characterizes low energy baryon-baryon interactions. This remains
a crucial unsolved problems, although some promising work in this direction has
been initiated by the Tokyol’~1° and Tiibingen®°~2! groups. The idea is to use
the Resonating Group Method?? with a properly antisymmetrized six quark wave
function to describe the BB interaction at short distances. A color magnetic one



gluon exchange (OGE) interaction is introduced between quarks, of an adjustable
strength a.. The effect of quark antisymmetry and the OGE interaction is to
produce a zero in the BB radial wave function, the position of which depends on
the channel quantum numbers {LSJI}. This mimics the effect of the “hard core”
in OBE models, for instance Nijmegen D and F.

By itself, the OGE interaction produces phase shifts which resemble hard
sphere scattering. To achieve fits to data, the OGE mechanism, which generates
an interaction reminiscent of vector meson exchange (p, w), must be supplemented
by medium and long range attraction (7 and o, at least). Such “hybrid” models
have been somewhat successful. However, the medium range potential must be
adjusted phenomenologically to achieve a fit. An attempt to describe NN scat-
tering by grafting a theoretically calculated long and medium range interaction
(the Paris potential®) onto a OGE term was not successful®®. This may indicate
that deficiencies of the OGE description can be absorbed by phenomenologically
readjusting this meson exchange potential, and hence one does not really test the
validity of the OGE mechanism. The fact that a. is found to be of order unity,
and not small, also makes us somewhat suspicious.

A reason to pursue the quark calculations more vigorously is provided by the
observation, from the binding energies of double A hypernuclei, 426 of a strongly
attractive’ AA interaction in the relative s—state (!1Sp). One finds an increase in
binding energy due to the AA interaction of

ABAA = “(VAA (7‘)) ~ 4 -5 MeV (3)

This is to be compared to the equivalent matrix elements wh1ch characterize the
1Sy NN and AN interactions!®?” in the p-shell, namely

—(Van(r)) =6 —T7 MeV (4a)
—(Van (1)) =2 -3 MeV (4b)

In a meson exchange model, one might expect a hierarchy of interaction strengths
such that |Vaa| < |Van| < |[Van|- This is true in Model D, for instance, for the
medium and longer range parts of the potential. Why is (Vjs(r)) stronger than
(Van(r))? The answer could be in the differing short range behavior. For instance,
the effect of quark antisymmetry, i.e., the effective hard core radius, is dependent
on strangeness as well as {LSJI}. The repulsion generated through antisymmetry
can be reduced in certain channels when strange quarks are added to the system.
For example, for the six quark ssuudd system in an SU(3) singlet configuration,
the effective hard core vanishes. Thus the substantial value of (Vja(r)) is likely
to be due to diminished short range repulsion at the quark level rather than some
enhancement in the medium range attraction generated by meson exchange.



2.4. Strange Dibaryons?

Thus far, except for the deuteron, no stable dibaryon state is known. From
emulsion experiments?® which have led to the identification of KH and heavier hy-
pernuclear species, it appears that no two-body Ap bound state exists. Also, a
study?® of the reaction K~d — (X 7n) failed to yield any candidates for a ¥™n
bound state. Occasionally, the existence of narrow strange dibaryon structures
has been claimed,3%3! but these have not been confirmed. Nevertheless, intrigu-
ing possibilities remain. For instance, one might ask whether the attractive AA
interaction, given in Eq. (3), is sufficient to form a two-body !Sp bound state. We
know that the nn 1Sy state is unbound, and (Vyn(r)) is stronger than (Vjs(r))
, so we might expect that the AA system is unbound. However, the diminished
kinetic energy for AA vs. nn favors binding, so the answer is unclear. If a weakly
bound (AA); state exists, it could be copiously produced in relativistic heavy ion
collisions. Baltz et al.3? estimate a production rate for (AA), of order 0.07 per
central Au+Au collision at Brookhaven AGS energies (11.7 GeV/c momentum
per particle). If (AA); lies near threshold, the branching ratio for the weak decay
(AA), — pr~ + pr~ remains substantial, and this mode furnishes a nice experi-
mental signature for (AA); production.

There is also the possibility of a deeply bound § = —2 dibaryon, the H,
with the same quantum numbers as (AA)y. Such an object, proposed by Jaffe®?,
would be a (uuddss) six quark SU(3) singlet state. Unlike (AA)p, which can be
viewed as a quasi-molecular state like the deuteron, the deeply bound H has only
a small parentage of AA in the hadron basis. Searches are underway343% at the
Brookhaven AGS to find the H in the reactions

E+d—-H+n ) (5a)
K +%He - Kt +H+n (5b)

The processes (5a,b) are favorable if the H has an appreciable =N component in
its wave function3®; they are much less suited to the formation of a (AA); quasi-
molecular state, which would have only a small (EN) wave function admixture.
From KEK experiments, there are also limits on H production in (K~, K*) reac-
tions on nuclear targets.>” Experiments on double hypernuclear formation should
also be actively pursued, since the observation of weak decays of AA hypernuclear
systems can be used to place limits on the binding energy of the putative H. For
instance, consider two possible decays of AgHe:

AfHe — 7~ +p + jHe (6a)
ASHe — H + *He : (6b)

If the weak decay (6a) is seen, then we know that the strong decay (6b) did not
occur, which places a constraint on the H mass. Essentially, if weak decays of AA
hypernuclei are seen, the H must hide close to the AA threshold, in which case 1t
would correspond to (AA), rather than the six quark SU(3) singlet.



3. Effective YN Interactions in the Nucleus

As discussed earlier, we have very little direct knowledge of the spin dependence
of the AN interaction in free space, since only spin-averaged cross sections have
been measured. More information is available concerning the spin dependence
of the effective interaction fofv in the nucleus, from analyses of A hyprnuclear

spectral® and v ray energies.!»12 Vﬂfv may be written in the form
Vﬁfv=V0+Va5"N-3A+VA€NA-3A+VNENA-EN+VT512 (7)

where £, nA is the relative orbital angular momentum of the AN pair and 572 is
the usual tensor force operator. Note that there are two independent spin—orbit
terms for the AN system, since the A and N are distinguishable particles. The
five potentials V;(r) in Eq. (7) give rise to matrix elements V, A, Sj, Sy and
T, respectively. Energy splittings AE of hypernuclear levels are proportional to
linear combinations of these matrix elements. For example, for KLi states obtained
by coupling an sy, A to the 1% ground state of °Li(1/2%, 3/2%) or the 31 excited
state at 2.18 MeV (5/2%), we obtain3®

AE (5/2% — 1/2%) =2.18 + 0.07A — 1.0S; + 0.95Sy + 0.22T
AFE (3/2% - 1/2%) = 1.35A + 0.1554 — 0.06Sy — 1.29T (8)

Based on a construction of V;‘}YN obtained from Nijmegen Model D, Millener et
al.3® predicted a set of standard values for use in the hypernuclear p-shell:

A=05 Sp=-004 Sy=-008 T=004 (inMeV) (9)

On the basis of this interaction, which was consistent with the « ray data then
available, Millener et al.3® predicted a value AE ~ 170 keV for the 2= — 1~ v ray
transition between the members of the ground state doublet in IXB. Unfortunately,
this transition was not observed by Chrien et al.3?, who obtained a limit AE < 80
keV, indicating a spin splitting even smaller than the feeble spin dependence for
the AN interaction predicted by Eq. (9). Fetisov et al.4® incorporated this limit
in a revised analysis, and obtained values

Tr .

A=03, Sp=-002, Sy= { __8::1‘5((141‘;)7) ., T =002 (in MeV) (10)
The very weak spin dependence for the AN interaction required by the data is
qualitatively consistent with the expectations of meson exchange models®®, al-
though the hope of finding a universal set of matrix elements for the p-shell is
not borne out by Eq. (9). In particular, the strength of the one-body A-nucleus
spin-orbit potential?! is found to be very small, at least an order of magnitude
smaller than the corresponding N-nucleus spin-orbit potential. A small A spin—
orbit splitting is explained*? naturally in the meson exchange picture, although a
precise experimental determination of this quantity is still highly desirable.



4. Mean Fields for Hyperons in the Nucleus

The A well depth Uy, i.e., the mean field experienced by the A in the center
of a nucleus, is rather well determined from analyses of (#*, K*) and (K~, 77)
cross sections on nuclear targets?®:

Up ~ 28 MeV. (11)

This value is about 1/2 of that for a nucleon. In nuclear matter, Uy can be
calculated, by standard techniques, as a function of the nucleon Fermi momentum
kp. For kr = 270 MeV /c, we should obtain the value of Eq. (11), and this serves
as a constraint on the validity of a given meson exchange model. The standard
models are all relatively successful in this regard: Model D gives Uy = 35 — 45
MeV, the NSC model yields Up = 23 MeV, while Bonn A and B produce Uy = 30
and 31 MeV, respectively.

The mean fields for © and = hyperons?? in nuclei are also expected to be
attractive, and comparable in magnitude to that for the A. Some old emulsion
events have been used to extract a well depth of Uz = 24 + 4 MeV for the =
hyperon?%. Data on ¥~ -atoms suggest a depth Us ~ 15 — 20 MeV, and quasi—
stable ¥ states in the continuum have a long and controversial history*’.

The attractive & and = mean fields will support a spectrum of single parti-
cle bound states. Unlike the A, these configurations are generally unstable with
respect to strong decay processes N — AN or EN — AA. Under special cir-
cumstance, multi-strange systems containing a = can be stabilized against strong
decay!®, for instance _, A;He (*He + 2A + =°), due to Pauli blocking and binding
effects. It is very difficult to stabilize a ¥ against strong decay by such mecha-
nisms, since the large energy release Q ~ 75 MeV in free space TN — AN decay
cannot be compensated by the modest well depth Us. On the other hand, the
strong decay widths of single ¥’s or =’s bound to a non-strange nuclear core could
be reduced to a level where such states are observable as quasiparticle excitatios.
There is some evidence?® for the ground state of §He, i.e, a 51/ ¥ bound to an
A = 3 nuclear core. The widths of = single particle states are expected to be less
than those for T states, because of the lower @ values for ZN — AA (23.2 MeV
for =% — AA, 28.3 MeV for Z~p — AA in free space). In nuclear matter, the
semi—classical estimate of the = decay width yields the result

Tz~ (v0)z-popn  (0°/2) = 13 MeV (12)

where v is the relative velocity and p°/2 =~ 0.08 fm~3 is the proton demsity. At
KEK, a preliminary cross section value 0z-, 4 =~ 19 mb has been obtained?” at
600 MeV /c; this was used to arrive at Eq. (12), assuming that vo 1s approximately
independent of v at low momentum. ;

In a finite nucleus, I's can be considerably suppressed*® due to binding effects
and diminished wave function overlaps. For _SH (2~ +*He), a width of order

= = 200 keV is predicted*®, in agreement with estimates obtained by Akaishi
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and Myint*. For the 3B (2~ + '%C) system, the width of the =7 1s state is
predicted®® to be in the range

Tz~ 1.5—6 MeV (13)

The lower value is obtained if a potential based on Model D is used for the =7 p —
AA transition, while the upper limit ensues if one fits a zero range interaction in
Born approximation to the measured?” value 0z-p—ar = 19 mb. The 1p E state
is found to be a bit narrower; the increased phase space available for its decay
is more than compensated by the fact that the 1p state is more surface localized
than the 1s Z, thereby impeding the =N — AA transition.

If widths of the order of Eq. (13) indeed prevail, a fully developed spectrosocopy
of = states should be observable, at least in light nuclei. For a well depth of U= ~ 24
MeV, the 1s and 1p = states bound to a nuclear p-shell core are predicted** to
be separated by about 7-8 MeV. These states can be produced via the (K~, K *)
or (K~, K®) reactions on nuclear targets. An energy resolution of order 5 MeV
should be sufficient to resolve the 1s and 1p Z states.

The = single particle excitations are of interest in their own right, but also as
“doorway states” for the production of discrete AA hypernuclear states. Due to
binding effects, the =A configurations are often stable with respect to the emission
of two A’s into the continuum. The dominant branching ratios for = hypernuclear
decay are then n+ ,,A and A+ A, leading to various bound hypernuclear states.
For the case of lgB, the neutron emission branch was estimated*® to comprise about
70% of the total decay rate, leading to several excited states of AIXB. Coincidence
experiments involving the (K~, K¥n) reaction on p-shell targets thus represent a
very promising method for forming AA hypernuclei. -

For the estimates of the decay width of Z single particle states, it is crucial to
know the Z~p — AA conversion cross section at low momentum. Experiments to
measure this quantity should be strongly pursued.

5. Hyperon—Nucleon Weak Decays

In all but the lightest hypernuclei, the non—-mesonic weak decay AN — NN
takes precedence over the free space A — N process, which is Pauli-blocked.
Schumacher®® discussed the measurements and interpretation of non-mesonic A
decay at this conference, so I will be brief.

There are a number of fascinating and unsolved problems involving the AN —
NN process in nuclei®!. Since the c.m. momentum release is of order 400 MeV /c,
it is expected that short range effects will be important. Indeed, the simplest
model of the AN — NN reaction, which takes into account only the longest range
process, weak pion exchange, fails to account for the data. Weak 7 exchange
is dominated by the 3S; — 3D; transition (AL = 2) induced by the tensor (S12)
component, which achieves the best kinematical matching of initial and final states.
However, this implies the dominance of Ap — np over An — nn transitons, and
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this is not seen in the data. In a meson exchange picture, K and other shorter range
forces become important, and the calculation of these is quite model dependent®?.

In weak processes, the AI = 1/2 rule is generally observed, for reasons that
are not well understood. For instance, for A — N, this rule predicts I'(A —
pr~) = 2I(A — nx?), which is close to the truth. In the AN — NN process, we
are offered another independent test of the validity of the AI = 1/2 rule. The data
are not yet good enough to permit a precise test, but Schumacher®® has presented
an analysis which suggests that the rule may not hold. If this conclusion holds
up, it could be of considerable importance for the theory of weak interactions. At
this conference, Oka®® presented a first attempt to calculate AN — NN decays in
the quark model. This approach seems to imply violation of the AI = 1/2 rule.
Another possibility is that three-body ANN — NNN weak processes enter the
picture, and imitate AI = 1/2 rule violations at the two—body level.

In AA hypernuclei, there exists a novel possibility for non-mesonic weak decay,
namely

AA = X7p, %, An (14)

The ¥~ p mode should be observable as a “vee”, with a kink in the ¥~ track due
to the subsequent weak decay £~ — nn~. This would furnish a distinct signature
for the weak decay of a AA hypernucleus in its ground state. The branching ratio
for the decay , XHe — £~ 4 p + *He has been roughly estimated®* to lie in the
range 3-6%, which may be experimentally accessible. The hypernucleus Af{He can
be produced in the reaction

——
[

Z7 +°%Li > n+ ) He (15)

starting from =~ atomic states. The branching ratio for (15) is estimated® to be
of the order of 3%.

6. Outlook

There is an extensive array of basic questions regarding YN and YY strong
and weak interactions which remain unresolved. Some of these issues could be
addressed in future experiments at Brookhaven and KEK, using tagged hyperon
beams from the 7N — K*¥Y, KN — 7Y and K~p — K*Z~ reactions. By
studying secondary interactions of the A, ¥ and = hyperons in a hydrogen target,
key measurements of the YN differential and total cross sections could be per-
formed. It is important to determine the energy dependence and angular shape of
the cross sections in order to obtain more constraints on dynamical models. For
instance the anisotropy of do/d2 at low momentum is sensitive to the balance
of s and p wave scattering, while the strength of the cusp in the Ap total cross
section near the UN thresholds reveals information on the AN — XN coupling
potential. A measurement of the =7 p — AA conversion cross section is crucial in
assessing the stability of = quasiparticle states in the nucleus. Since A decay is self-
analyzing, it may also be possible to measure spin observables in Ap scattering. For
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instance, knowledge of the polarization P(#) would enable us to extract informa-
tion on the two~body spin—orbit potential, and study its relation to the one-body
A-nucleus spin-orbit potential, which is known to be weak. The measurement
of spin—separated cross sections 091 and other spin observables would ofter much
stronger constraints on meson exchange models than one obtains from an analysis
of spin—averaged cross sections alone. The available versions of the Nijmegen and
Bonn YN potentials predict strikingly different patterns for some spin quantities.
Even a modest amount of data on differential cross sections and polarization, for
example, would probably enable us to discard the existing parametrizations of the
OBE models. In view of the considerable degree of flexibility in parametrizing
the (largely) theoretically uncontrolled short range part of the YN potentials, the
OBE description can always be refitted to accommodate new data. Nevertheless,
one may hope that additional YN measurements will lead to a somewhat sharper
statement regarding the validity of SU(3) symmetry for meson-baryon coupling
constants.

In addition to exploring free space YN scattering processes, it is also worth-
while to investigate hyperon interactions in the nuclear medium, and try to relate
these theoretically to the free space ones. This can be accomplished by various
means. For instance, measurements of hypernuclear v rays provide energy split-
tings AE of hypernuclear levels with high precision, and enable us to constrain the
spin dependence of the effective AN interaction Vé}N . If higher resolution (<1
MeV) (K—,7) or (r+, K1) experiments could be performed, we could start to dis-
entangle the fine structure of the A hypernuclear spectrum, which again reflects
the spin dependence of V%, Experiments at Brookhaven with the (%, K*) re-
action have so far only achieved an energy resolution of 3 MeV or so. This proved
very useful in probing the spin—averaged A single particle statés and obtaining a
detailed picture of the density dependence of the A-nucleus mean field, but was
insufficient to shed light on the question of fine structure. The advent of higher
resolution (7%, K+), (K~,77), (K—,7°) and (v, K™) experiments (the latter at
CEBAF) is eagerly awaited.

The strangeness S = —2 sector offers some particularly intriguing areas for
research, which could shed a special light on the réle of strange quarks in baryon—
baryon strong interactions. A fundamental issue is the existence of a stable six
quark H dibaryon, or possibly a weakly bound quasi-molecular state (AA);. A
key question is how to make the transition from a meson exchange picture at long
and medium range to quark/gluon dynamics at short distances. In the SU(3)
singlet H channel, this difficulty seems particularly acute, since pseudoscalar and
vector meson exchange forces are repulsive, while the color magnetic one gluon
exchange forces generate a strong attraction at short distances. It remains unclear
how to merge these two pictures in a consistent way. The meson and quark/gluon
exchange mechanism also compete in the weak sector, in the AN — NN and
AA — AN, TN processes. In the meson exchange picture, one usually imposes
the AT = 1/2 rule by hand. The violation of this rule, if confirmed, would signal
the need to treat the dynamics at the more fundamental level of quarks.
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In summary, the study of hyperon-nucleon interactions both in free space and
in nuclei is a most worthwhile enterprise, offering new insights into the dynamics
of strange quarks in weak and strong baryon-baryon interactions. It should be
vigorously pursued on both the theoretical and experimental fronts.

This work was supported by the US Department of Energy under Contract
No. DE-AC02-76CH00016. The National Science Foundation (NSF) provided
travel support. I would like to thank P. Barnes, B. Gibson and K. Nakai for the
brilliant idea of organizing this US-Japan joint seminar in Maui, and for inviting
me to participate.

References

1. R. Machleidt, K. Holinde and Ch. Elster, Phys. Rep. 149 (1987) 1.

M.M. Nagels, T.A. Rijken and J.J. deSwart, Ann. Phys. 79 (1973) 338; Phys.
Rev. D12 (1975) 744.

3. W.N. Cottingham, M. Lacombe, B. Loiseau, J.M. Richard and R. Vinh Mau,
Phys. Rev. D8 (1973) 800; M. Lacombe et al., Phys. Rev. D12 (1975) 1495;
R. Vinh Mau, in Mesons in Nuclei (M. Rho and D.H. Wilkinson, Eds.),
North-Holland, Amsterdam, 1978.

4. G. Alexander et al., Phys. Rev. 173 (1968) 1452; B. Sechi-Zorn et al., Phys.
Rev. 175 (1968) 1735; R. Engelmann et al., Phys. Lett. 21 (1966) 587;
J.A. Kadyk et al., Nucl. Phys. B27 (1971) 13.

5. M.M. Nagels, T.A. Rijken and J.J. deSwart, Phys. Rev. D15 (1977) 2547
and D20 (1979) 1633.

P.M.M. Maessen, T.A. Rijken and J.J. deSwart, Phys. Rev. C40 (1989) 2226.
B. Holzenkamp, K. Holinde and J. Speth, Nucl. Phys. A500 (1989) 485.

A. Reuber, K. Holinde and J. Speth, Jiilich preprint (1993).

R.E. Chrien and C.B. Dover, Ann. Rev. Nucl. Part. Sci. 39 (1989) 113.

10. E.H. Auerbach et al., Ann. Phys. 148 (1983) 381.

11. M. Bedjidian et al., Phys. Lett. B62 (1976) 467 and B83 (1980) 252; A. Bam-
berger et al., Nucl. Phys. B60 (1973) 1.

12. M. May et al., Phys. Rev. Lett. 51 (1983) 2085.
13. J. Lach and L. Pondrom, Ann. Rev. Nucl. Part. Sci. 29 (1979) 203.

14. D. Stephan, Ph.D. Thesis, University of Massachusetts, Amherst, 1970, un-
published (left-right asymmetry in £~p — An); see also R. Engelmann et
al. (ref. 4) for data on the polarization of the outgoing A in the Z7p — An
reaction.

15. J. Schaffner et al., Phys. Rev. Lett. 71 (1993) 1328.
16. C.B. Dover and H. Feshbach, Ann. Phys. 198 (1990) 321 and 217 (1992) 51.
17. M. Oka, K. Shimizu and K. Yazaki, Nucl. Phys. A464 (1987) 700.

© 0N o



18.
19.

20.
21.
22.
23.

24.

25.
26.

27.
28.
29.
30.

31.

32.
33.
34.
35.
36.

37.

38.
39.
40.
41.

42.
43.
44.
45.

14

M. Oka and K. Yazaki, Prog. Theor. Phys. 66 (1981) 556 and 572.

Y. Koike, K. Shimizu and K. Yazaki, Nucl. Phys. A513 (1990) 653;
K. Shimizu, Rep. Prog. Phys. 52 (1989) 1.

U. Straub et al., Nucl. Phys. A483 (1988) 686.
U. Straub et al., Phys. Lett. B200 (1988) 241.
F. Myhrer and J. Wroldsen, Rev. Mod. Phys. 60 (1988) 629.

R. Vinh Mau, C. Semay, B. Loiseau and M. Lacombe, Phys. Rev. Lett. 67
(1991) 1392.

D. Prowse, Phys. Rev. Lett. 17 (1966) 782; M. Danysz et al., Nucl. Phys. 49
(1963) 121.

S. Aoki et al., Prog. Theor. Phys. 85 (1991) 1287 and 89 (1993) 493.

C.B. Dover, D.J. Millener, A. Gal and D.H. Davis, Phys. Rev. C44 (1991)
1905.

T.T.S. Kuo and G.E. Brown, Nucl. Phys. 85 (1966) 40.
D.H. Davis and J. Pniewski, Contemp. Phys. 27 (1986) 91.
M. May et al., Phys. Rev. C25 (1982) 1079.

H. Piekarz, Nucl. Phys. A479 (1988) 263c; H. Piekarz, in AIP Conf. Proc.
243, Intersections between Particle and Nuclear Physics (Ed. W.T.H. Van
Oers), American Institute of Physics, New York 1991, p. 576.

B.A. Shahbazian et al., Z. Phys. C39 (1988) 151; Phys. Lett. B235 (1990)
208; Phys. Lett. B316 (1993) 593.

A.J. Baltz et al., submitted to Phys. Lett. B (1993). ]
R.L. Jaffe, Phys. Rev. Lett. 38 (1977) 195; 38 (1977) 617(E).
G.B. Franklin, Nucl. Phys. A450 (1986) 117c.

P.D. Barnes, Nucl. Phys. A547 (1992) 3c.

A.T.M. Aerts and C.B. Dover, Phys. Rev. D28 (1983) 450 and D29 (1984)
433.

K. Imai, Nucl. Phys. A547 (1992) 199c; S. Aoki et al., Phys. Rev. Lett. 65
(1990) 1729.

D.J. Millener et al., Phys. Rev. C31 (1985) 499.
R.E. Chrien et al., Phys. Rev. C41 (1990) 1062.
V. Fetisov et al., Zeit. Phys. A339 (1991) 399.

W. Briickner et al., Phys. Lett. B79 (1978) 157; R. Bertini et al., Nucl. Phys.
A 360 (1981) 315; A. Bouyssy, Phys. Lett. B91 (1980) 15.

C.B. Dover and A. Gal, Prog. in Part. and Nucl. Phys. 12 (1984) 171.
D.J. Millener et al., Phys. Rev. C38 (1988) 2700.

C.B. Dover and A. Gal, Ann. Phys. 146 (1983) 309.

C.B. Dover, D.J. Millener and A. Gal, Phys. Rep. 184 (1989) 1.



46.

47.

48.
49.

50.
51.
52.
53.
54.

55.

15

R.S. Hayano et al., Phys. Lett. B231 (1989) 355; R.S. Hayano, Nucl. Phys.
A527 (1991) 477c and A547 (1992) 151c.

F. Takeutchi, in Future Directions in Particle and Nuclear Physics at Multi-
GeV Hadron Beam Facilities (ed. D.F. Geesaman), Brookhaven Report BNL-
52389 (1993), p. 360.

C.B. Dover, A. Gal and D.J. Millener, Nucl. Phys. A (in press).

Y. Akaishi, Nucl. Phys. A547 (1992) 217c; K.S. Myint, Nucl. Phys. A547
(1992) 227c.

R.A. Schumacher, Nucl. Phys. A547 (1992) 143c; see also these Proceedings.
C.B. Dover, Few—Body Systems, Suppl. 2 (1987) 77.

J.F. Dubach, Nucl. Phys. A450 (1986) Tlc.

M. Oka, these Proceedings.

M. May, Nuovo Cim. 102A (1989) 401; C.B. Dover and M. May, in prepa-
ration.

D. Zhu et al., Phys. Rev. Lett. 67 (1991) 2268.






