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The purpose of this review is to report recent progress in nuclear experiments
involving strangeness which have been carried out at the Brookhaven
Alternating Gradient Synchrotron over the past three years. These recent
developments are noted in three areas: 1) Few Body Systems and Dibaryons;
2) Strange Probes of the Nucleus; and 3) Associated Production of Hypernuclei.

"There is no excellent beauty that hath not some strangeness in proportion."
....Francis Bacon 1561-1626
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The intervening years between the PANIC Conference XT at Kyoto and the present
PANIC Conference have witnessed significant progress in our understanding of the
role of the strangeness quantum number in the nucleus and some developments in
the use of strangeness as a probe of the nuclear medium. This review is focussed on
the contribution to these areas by research at the Brookhaven Alternating Gradient
Synchrotron in three areas: Few Body Systems and Dibaryons, Strange Probes of the
Nucleus, and Associated Production of A-Hypernuclei.

1. FEW BODY SYSTEMS AND DIBARYONS
The role and relevance of quantum chromodynamics in nuclear physics has been

a dominant topic of discussion ever since this fundamental theory of the strong
interaction was introduced. A striking example of such a role and its relevance would
be the experimental observation of dibaryons~the six-quark objects predicted by the
MIT Bag Model1. Such an object is believed to be most easily observable if it contains
at least one strange quark and if its mass lies below the threshold for pion emission.
In that case, strangeness conservation would forbid strong decay and the object would
be manifested as a resonance with a narrow width.

Model calculations predicting dibaryons near a mass of 2130 MeV/c2 were
stimulated by the observation of a narrow structure in the (Kr,ir) reaction on 2H. This
object is usually considered to be a threshold cusp, but its structure has never been
satisfactorily explained2. A serious problem with detecting a dibarycn above the Z
threshold is the presence of a large background of I quasi-free production. The same
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FIGURE 1
The spectrum for the 3He(jr,7r+)Xn reaction after rejection of the (K',K°) charge
exchange process and subtraction of 2-step A production. The expected singlet
dibaryon position is indicated. The abscissa represents the Xn missing mass.

model which predicts the presence of a triplet dibaryon near 2140 MeV/c2 also predicts
a singlet dibaryon 40 MeV/c2 lower, near 2100 MeV. Such a dibaryon could be formed
by the (K',n+) reaction in the singlet diproton pair present in 3He. Lying below X
production threshold, this dibaryon would be free of the 2 quasi-free prediction
problem. This was the motivation for the recent AGS studies on the K"(3He,Xn)jr+

reaction3.
There are three major background processes which must be considered and/or

eliminated: a) (K-,Ks) charge exchange, resulting in a (KS->JC+,7C) decay, with the n*
being confused with a (KT,K+) reaction product; b) a 2-step A production process,
K'+p-»7t°+A followed by n° charge exchange, and (K",K°) charge exchange followed by
K°+p—»A+JC+; or c) virtual Z* production below threshold followed by a final state
interaction £-+p-»A+n. The process a) can be eliminated by a veto cut on the %-

member of the decay pair and process b) can be evaluated by subtraction of the single
3 3step A quasi-free production from K*( He,.He)rt" as obtained from a companion



experiment4. The result is shown in Fig. 1, with the expected position of the dibaryon.
The conclusion is that we rule out a dibaryon with mass less than 2100 MeV/c2 and a
cross section less than 1.0 ub/sr. The result also implies a limit of no more than 3.0
ub/sr for the corresponding triplet dibaryon. The spectrum in interpreted as
containing no signal below about 2100 MeV/c2, and a rise above that energy due to
virtual I" production below threshold.

2. THE K+ AS A NUCLEAR PROBE
The K+ meson-nucleon interaction is the weakest of any available nuclear probe

and, as such, it constitutes a unique test of nuclear medium effects on the nucleon.
Gibbs and his collaborators5 have emphasized the use of such a probe as a test of
nucleon "swelling" as might be expected from the nuclear density effect on the quark
confinement scale. They point out that the ratio of total K+ cross section per nucleon
for two systems of differing density-for example, carbon and deuterium-provides a
simple test for the occurrence of that swelling. Recent experiments at the AGS6 have
indeed confirmed the expectation that the ratios of carbon to deuterium cross sections
per nucleon exceed unity over the range of 500 to 800 MeV/c. This is shown in Fig. 2,
which shows the ratio as a function of K+ momentum. A number of additional
targets, including lithium, silicon, and calcium are being analyzed to see whether the
effect is a global one, or simply a peculiarity of the carbon to deuterium comparison.
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FIGURE 2
The ratio of total K+ cross sections, per nucleon, on 12C and 2H is shown as a function
of kaon momentum. Ratios above the shaded band indicate swelling. The most
recent, and still preliminary, data are indicated by O; older and fully analyzed BNL
data are indicated by o. Also shown are the data of Bugg7, indicated by o.



3. ASSOCIATED PRODUCTION OF A HYPERNUCLEI BY THE (7r+,K+) REACTION

In a pair of exploratory experiments8, the utility of the (JI+,K+) reaction for produc-
ing hypernuclei right across the periodic table has been demonstrated at the
Brookhaven AGS. This reaction, which exhibits a cross section maximum near 1050
MeV/c incident pxons, is well-matched to excite the high-spin, stretched nuclear con-
figurations excited by coupling a valence neutron-hole to the A hyperon. It is thus ef-
fective in populating A excitations in heavy nuclei. Because of the distinguishability
of the A hyperon it is free to populate any shell model orbital, unimpeded by the op-
eration of the Pauli Principle. In effect the A becomes a unique indicator of the objec-
tive reality of the nuclear shell model, displaying the nuclear shells in a striking series
of peaks as a function of excitation energy, such as for AY as shown in Fig. 3.

1
•1

6

5

4

3

2

1

0

fA / • :

. . BNL data X [

\ 1 g''
dA f..\J f\ f

P, pj; \ / \/-
' SA J\J V V A;

-20 -10 0

- Binding Energy (MeV)

89,
FIGURE 3

A 0t+,K+) excitation spectrum for AY compared to a DWBA calculation9 using the
experimental neutron hole strength for 90Zr.

TABLE I: Ground State A Binding Energies

Nucleus

9Be
12c
I6o
28Si
40Ca
5 1 V

89v

B A (MeV)

-6.49+0.68
-10.75±0.10
-12.50+0.35
-16.00±0.29
-18.70+1.1
-19.0±1.0
-22.1+1.6

a((ab/sr)

0.87+0.34
10.36±0.61
4.10+0.37
2.06+0.34
0.48+0.28
1.2+0.68
0.54+0.38



The cross sections and energy positions of about 50 peaks in the (ir+,K+) reaction on
seven targets have been determined. Table I indicates the A ground state binding
energies and production cross sections.

4. CONCLUSIONS

The beginnings of a fertile field of nuclear spectroscopy involving hypernuclei
have been created in experiments at CERN, KEK, and at the Brookhaven AGS in the
last two decades. These experiments are a source of information on the hyperon-
nucleon interaction and the possible role of QCD in nuclei. A number of recently-
proposed facilities will help in bringing this nascent field into full fruition. Among
these are the continuous beam electron accelerator, CEBAF, at which photoexcitation
of kaons will be studied; the hadronic factory, KAON, proposed for Vancouver and
capable of producing intense kaon beams of various energies; and, perhaps most
significantly, PILAC, a pion linear accelerator capable of accelerating pions to 1.05
GeV/c, and therefore allowing exploitation of (TC+,K+) reaction studies at high
intensities and high resolution. The researchers of this beautifully strange domain of
physics eagerly await the opportunity to use these new facilities.
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