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Abstract: This paper presents a brief review of the status of K-meson interac-
tions with nuclei. Emphasis is placed on Is shell nuclei with representative
examples drawn from experiments on heavier nuclear systems. Directions for
future developments are discussed.

1. Introduction

Some say that physicists cannot concentrate on one problem long enough to
completely solve it. They point out that when a problem becomes too complicated
physicists quickly lose interest since, after all, we "know" that nature is sim-
ple and only allows simple things to happen. Thus, as we develop new probes of
nuclei, at new energies, and with i.ew techniques, some of our colleagues remind
us that the old problems are not yet solved and that actually we are doing the
same physics which will eventually result in the same fundamental limitations.
Although there is some truth to this, I believe such a view is much too pessimis-
tic. After all, we would still be limiting our investigations to atomic pheno-
mena if we completely accepted this approach. Most of us would say that a bal-
ance between the old and the new is necessary. Presently my weight is on the new
end of this balance while others of you hold down the opposite end or just sit
in the middle.

Therefore, having established my philosophical viewpoint, I wish to describe
to you a few of the reasons why I feel kaon-nuclear physics is so interesting,
and to review a few of the present and proposed experiments in this area. The
field is quite broad and there have been a number of recent reviews of the sub-
ject. ̂  Thus, I will try to concentrate on those aspects of the K-nuclear prob-
lem which most closely overlaps with the subject of this conference. This, fiuw-
ever, severely restricts the amount of relevant data, so that much of my presen-
tation will be a review of the work of others. I will,'however, show some recent
data on heavier nuclei taken by our collaboration and the CERN group, just to
emphasize some of the points to be made.2)

2. K+-Nucleon Amplitudes

Perhaps it is best to begin with what is known about K-nucleon amplitudes.
The K meson is an isodoublet composed ofr*a-strange quark coupled to an up or down
quark.3' The strangeness quantum number provides the unique properties of this
probe for nuclear structure studies. The (K+,K°) isodoublet carries one unit of
positive strangeness and for this reason interacts very weakly with nucleons,
particularly at momenta less than 1 GeV/c.1*' Strong resonance states in the K-
nucleon systems would have to exist as six quark structures, which, with the pos-
sible exception of Z* resonances, have not been observed. On the other hand, the
(K ,K°) isodoublet carries one unit of negative strangeness and the R-nucleon
system contains many resonances, some of which are quite narrow.1*) Thus, the low
energy K nucleon force is weak and repulsive, while the K nucleon force is strong
and provides strongly resonant structure.

The K is therefore one of the most weakly interacting reactions compared to
other nuclear probes such as nucleons or pions. For momenta less than 1 GeV/c
the K-nucleon amplitudes consist of only 1=0 and 1=1 partial waves with the high-
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1
er partial waves contributing only about 20% at 1 GeV/c and a negligible amount
below about 700 MeV/c (Fig. 1). As a probe, the K+ displays a simplicity similar
to that of the electron, with the advantages that it is sensitive to the neutron
distribution, is able to easily provide large momentum transfer, and has a spin
dependent K-nucleon amplitude for H I . Above 500 MeV/c the 1=0, 1=1 amplitude
dominates so that the K+ is sensitive to the neutron, but not the proton spin.
Below 500 MeV/c the 1=1, 1=0 amplitude is dominant.5)
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Fig. 1 K-nucleon total cross section as a function of laboratory momentum is
shown. The contribution in the various isospin and partial wave amplitudes is

seen. (ref. 4)

3. K-Nucleus Scattering

The K+-nucleon amplitudes have been studied experimentally and theoretically
in some detail. Below 500 MeV/c these amplitudes are not well defined because of
the difficulty in producing and using low momentum kaon beams. The 1=1 amplitudes
are fairly well known above 500 Mev/c, but the 1=0 amplitudes, which must be de-
termined frcn K-neutron scattering are not well determined. These amplitudes are
extracted from K-deuteron scattering (a few nucleon system) and thus this is the
first K-nucleon problem I will discuss.

Treatments of this problem are almost entirely based on the impulse approxi-
mation. Most experiments have not resolved elastic scattering from the break-up
reaction. In addition to these two reaction types, the charge exchange reaction
also occurs.

K+d-^K+d (elastic)
K+d+K+(pn) (break-up)
K+d->K°(pp) (charge exchange)

Recall that for momenta less than 1 GeV/c only 1=0,1 partial waves signifi-
cantly contribute, the amplitudes are weak, and the present data are not particu-
larly demanding. There have been several phase shift analyses of the data6), with
one simultaneous fit to both the 1=1 and 1=0 data. While it is certainly possi-
ble to analyze the 1=0 data using more sophisticated models developed to study
nucleon-deuteron scattering, the quality of the data probably does not warrant
the effort. Fig. 2 is representative of the low momentum K+-deuteriiim data.
These data were obtained by bubble chamber and resolve the three reactions listed
above. The curve represents a simultaneous fit to the elastic and break-up data
using a single scattering impulF* approximation.7^
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"fig. 2 Angular distributions of K+ deuterium elastic scattering at three lab mo-
menta. The curve is a simultaneous fit to the elastic and break-up data.

Clearly more and better experiments are badly needed and these may be forth conn-
ing.7) In the future, analysis of scattering from more complex nuclei will need
these amplitudes as basic input, and so it is extremely important to attack this
problem as soon as possible.

As an example, it has been proposed that K -He scattering may be used to ex-
tract the hadronic form-factors of the three body system.9) A similar proposal
for pion scattering was made several years ago.10' The matter a<id spin form fac-
tors for both neutrons and protons can be related to the charge and magnetic form
factors as measured via electron scattering.11) The charge and magnetic form fac-
tors for 3He have two components each, corresponding to the 1=0 definite symrne-̂
try (s) and mixed symmetry (s1) components (flG and flm) and the 1=2 (D) compo-
nents of the tri-nucleon wave function (f2c and f2m).

pmatter~Tlc=fic-l/2 f;2C

" =1/2f
™spin

n =f +fpspin ~ lm 2m

The magnetic form factor for 3H has been measured over a small range of mo-
mentum transfer12) and the form factor for 3He while measured over a wider range
has rather large experimental uncertainties.12) In addition the rms magnetic rad-
ius of 3He is larger than the charge radius and is not in agreement with the view
that 3He consists of two protons with spins paired to zero so that the magnetic
form factor is determined by the neutron.12) In short, electron scattering is not
yet sufficiently accurate to determine the magnetic and small components of the
charge form factors particularly for momentum transfers less than lOfrn"2. There
are no previous experiments of K+ on Helium isotopes. There are estimates for a



similar experiment using pions10),' and some recent data were published for pi on
scattering from 3He.13) At the present time it is difficult to determine how
accurately the theory can predict the angular distributions. To investigate the
sensitivity of kaon elastic scattering to the nuclear densities, especially the
neutron density and the spin dependent densities, a calculation of the kaon scat-
tering amplitude using a simple first order spin dependent optical model was un-
dertaken. The kaon nuclear two body amplitudes were generated by the Martin para-
meterization6* and evaluated off shell by the prescription given in the paper by
Landau10). The densities chosen reproduce the experimentally determined charge
and magnetic form factors of 3He and the experimentally determined charge form
factor of 3H. The magnetic form factor of 3H was assumed to be undetermined. The
resulting K+ elastic angular distribution is shown in Fig. 3. This figure should
only be used to indicate the sensitivity to the neutron distribution (3H magnetic
and 3H charge distributions). A much more careful calculation including higher
order corrections to the optical potential would be necessary before quantative
results could be obtained. Such calculations are now in progress.11*)

Fig. 3 A first order optical model calculation showing the dependence on the neu-
tron matter distribution in K+-3He scattering. The solid curve is the best fit to
the 3He and 3H matter and spin form factors. The dashed curve is consistent with

the present data.

Recently elastic and inelastic data have been obtained by our collaboration using
12C and lt0Ca targets1'!2' (Fig. 4). These data represent angular distributions out
to a lab angle of 34° in steps of 3° with a relative precision of approximately
5% at forward angles and 20£ at backward angles. They represent the first real
attempts to investigate the usefulness of the positive Kaon as a probe of nuclear
structure,
can give a

First order optical model calculation with no adjustable parameters
reasonable representation of the data.15'
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Fig. 4 Angular distribution for elastic scattering of K+ from 12C at 800 MeV/c.
The curve is a fit to the data using the ansatz of ref. 16 to show internal con-

sistency

4. Hypernuclear Physics

Kaon scattering aside, the major thrust of the experimental Kaon physics pro-
gram both in the United States and elsewhere has been in the study of Hypernuclear
spectra obtained via the (K~,ir~) reaction1! This reaction is similar to a charge
exchange reaction as illustrated by the quark diagram of Fig. 5. Note that the •
incident K~ momentum may be chosen so that the momentum transfer to the A van-
ishes, or is at least small, so that the (K",TT~) reaction can be viewed as the
replacement of a neutron by a A in the nucleus18). Most of the recent work has
involved hypernuclei in the lp shell, although there have been recent studies of
y decays from excited hypernuclear levels in the Is A=4 hypernuclei19).
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Strangeness Exchange

Fig. 5 Quark diagrams for a charge exchange and a strangeness exchange reaction.
These are not the only diagrams that may occur.

Fig. 6 shows the Is shell hypernuclei.
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Fig. 6 A compilation of the Is shell hypernuelei level schemes.

Let me first show some hypernuclear spectra taken at zero degrees to illus-
trate the quality and type of data that can now be obtained.-0 The largest peak in



the*-spectra at 0° corresponds to the neutron-A substitution in the valence shell.
"The ground state is seen here but it becomes more pronounced as the reaction angle
is moved away from Qo. (Fig. 7.)
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Fig. 7 A compilation of the 0° spectra of hypernuclei formed via the (K",TT~) re-
action.

An analysis of all the p shell hypernuclei shows that the A-nucleon force is
consistent with the potential parameters shown in Table I.



TABLE I

Comparison of the A-N to the N-N Potential

, . Exchange
Well depth (MeV) Spin orbit (MeV) Mixture

A-N 32±2 4±2 -0.05+0.1

N-N ~50 ~20 -0.3

Comparison to the N-N potential is also shown.^ The central well depth is approx-
imately 1/3 of the N-N depth-and the spin-orbit potential essentially vanishes.
An explanation in terms of the quark model has vbeen proposed by Pirner

20'and in
terms of meson exchange by Brockman and Weise21). Since this is a few body
conference, I would prefer to concentrate my remarks on what is known about the
Is shell hypernuclei rather than discuss in more detail these results.

The s shell hypernuclei consist of 3H which is just bound, ground, and one
excited state of the isodoublet (A4He, A' IH), and the isosinglet A5He.22 The A-N
system does not have a bound state, because the A-nucleon well is so shallow.
The spin of ground states of A3H, Al*He, and A^H indicate that the A-nucleon force
is stronger in the singlet than the triplet state. (The reverse of the NN system)
in addition there is observed a large charge symmetry breaking term in the A-N

* force as seen in the binding energy for the A=4 hypernuclei. Calculations show
that the addition of a A to the 3He core contracts the core slightly decreasing
the binding energy.22) This is in the opposite direction to the observed binding
energy differences. Analysis of the low momentum bubble chamber Ap scattering
gives a negative sign for both the singlet and triplet scattering lengths. This
is in agreement with no bound hyperdeuteron.23^

The spin dependence of the A-nucleon force is best extracted from the A=4
hypernuclear system. As previously mentioned the A=4 hypernuclear ground state is
a singletjJ^O* spin system. The first excited state then consists of a A spin
flip. However, extraction of the spin-spin part of the A nucleon force from this
splitting is complicated by a possible strong tensor component.

An effective A-N potential.cannot be obtained that correctly binds the A3He,
A^He, A**H, and AsHe hypernuclei21*). This problem iss well known ;and is not resolived
by the addition of 3-body forces (ANN) or a charge symmetry breaking term to the
potential2""27).

Recently an investigation of the A-E coupling in a nucleus has indicated that
this discrepancy might be resolved in a multichannel calculation allowing for A-E
coupling28). Since the E hyperon has isospin 1, while the A has isospin zero, the
mixing of £ states in the nucleus depends on the spin-isospin structure of the •
nuclear core and excited states to which the A may be attached. For example, in
the case of the 3He the A couples to the deuteron (S=1,T=O) to produce a J*? 1/2*
state. A £ cannot do this (at least for the ground state deuteron), so A-E
coupling would not be important in this nucleus. However, in the Al+He and A4H
system this coupling can account for the charge symmetry breaking term. It may
also account for the overbinding of the A .in the A5He hypernucleus when using A-N
effective potential from A=4 hypernuclei29) In tfiis :case a full 5-body calcula-
tion will probably be necessary to resolve this question. In the case of the A=4
hypemuclei it has been shown that a full 4 body treatment is necessary to cor-
rectly account for the charge symmetry breaking terms25l

Because of the paupacy of data, it will be necessary to analyze all available
A-N and light hypernuclear systems together to extract a reasonably consistent
A-N potential. This means much more work for both theorists and experimentalists.



5. Summary

The potential for kaon physics is just beginning to be addressed. As I have
indicated, there are a number of problems yet to be resolved. Perhaps the primary
one is the determination of a low energy A-nucleon potential. In this search few
body theorists can play a significant role, since few body calculations are needed
to correctly describe the Is shell hypernuclei ground and excited states.

The use of K+ as a tool for nuclear structure needs to be proved in a few
simple systems where the wave functions are well known and have been well studied
by other techniques. Again, this must mean few nucleon systems.

Returning to the beginning of my discussion, I suggest that this new physics
is already providing useful information on nuclear dynamics and will prove to be
a fertile testing ground for the theories and techniques that have been developed
to address the few nucleon problems.
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