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I. Introduction

Although the field of hypernuclear research is over 30 years old,

progress in exploring the detailed behavior of hypernuclei has been

slow. This fact is due mainly to the technical problems of producing

and studying these strange objects. Indeed each step in the improve-

ment of technique has been accompanied by a breakthrough in our under-

standing of this fascinating subject. In this paper, the aim is to

describe the evolation of hypernuclear research, stressing especially

the contributions of the program based on the Brookhaven AGS, with

which I am the most familiar.

The first era of hypernuclear research began with the famous

discovery due to Danysz and Pinewski-'-' of a hypernucleus produced in

a nuclear emulsion. For more than three decades the emulsion and

cloud chamber techniques have been used to study decay processes in

hypernuclei. Such an event is pictured in fig. 1, taken from Powell,

Fowler, and Perkins.*) Because of strangeness conservation in

strong interactions, the object [y^7Li], formed in the K~+0 1G reac-

tion, lives for a time (-200 ps) long enough for the concept of hyper-

nucleus to be a sensible one.
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From that kind of research it is practical, at least for light

hypernuclei, to examine and measure all reaction products and deduce,

therefore, a hypernuclear binding energy. It is instructive to com-

pare values of Sjy with those, say, of SJJ, the neutron separation

energy for the analogous system; f.hat is, for objects differing by the

replacement of a neutron by a A hyperon (Fig. 2). This comparison

dramatically illustrates the operation of the Pauli Principle, as the

A for the ground state is always present in the lowest shell, while

the neutron must find an unoccupied orbital. The smooth A dependence

of Sjy can be represented simply by the zero point energy of a A

contained in a square well potential with a depth of about 30 MeV.3)

When more intense beams of separated kaons became available in

the early 1970's, the strangeness exchanging (K~, ir~) reaction began to

be utilized to increase our knowledge of hypernuclei. Groups from

Torino, Heidelberg, and Brookhaven started making plans to use this

reaction, with its favorably small momentum transfer, to form hyper-

nuclei and to study this reaction with magnetic spectrometers. The

pioneering work of the group led by Bogdan Povh provided most of our

basic knowledge about the shell structure of hypernuclei, and in par-

ticular, the small spin-orbit splitting of hypernuclear levels.^

At this time, Harry Palevsky started a program of such measurements at

the excellent low-energy separated kaon beam available at the BNL

AGS. Palevsky arranged to bring the so-called Moby Dick spectrometer

from the Cambridge Electron Accelerator Laboratory to Brookhaven.

With that spectrometer it became possible to obtain angular distribu-

tions of the emitted pion in the reaction and thus to separate the

multipole components of the reaction. This capability was exploited

in studies on 12C and 1 3C targets to be described below.

Subsequently it became clear to us at Brookhaven that further

advances in the study of hypernuclei were strongly inhibited by the

lack of adequate spectrometer resolution. To overcome this limita-

tion, we decided to use a double-armed spectrometer capable of



detecting electromagnetic transitions in coincidence with the (K , ir~)

trigger. The effective resolution offered by the (K~,n~, Y) reaction

represented an advance of more than an order of magnitude over magnet-

ic technique. An experiment using sodium iodide detectors in 1981 was

successful in identifying transitions in x L*» A °e» anc* i n t n e

mass 4 systems ^ H ant* A H e* This work is being extended at the

present time by the application of high-resolution Ge detectors. The

essential requirement for such studies is a high intensity beam of

good quality. The beam-line/spectrometer combination was modified to

produce an intensity of better than 10 kaons/beam spill at 800 MeV/c

with a u/K. ratio of better than 8 to 1.

The attention of the physics community in the present decade is

being increasingly directed to the subject of quarks in nuclei and to

answering the question: are there observable nuclear phenomena which

require an explanation in terms of a quark-bag model? Such models

predict the existence of 6-quark states, or dibaryon resonances inter-

acting via gluon exchange, rather than separated color singlet inter-

acting via mesons. We are planning experiments to detect strange

baryonic resonances, recognizing the fact that non-strange dibaryons

would be difficult to observe because of the broadening by pionic

decay channels.

The future of this field depends strongly upon the availability

of good quality, intense, kaon beams. Above 1.1 GeV/c strangeness

exchange reactions which produce nuclei with two units of strangeness

are interesting. Such nuclei might contain a cascade particle or two

A's. S = -2 dibaryon resonances may be evident. A beam line operat-

ing between 1 and 2 GeV/c, with a kaon intensity of better than 106/

sec and a beam purity in the order of 1 to 1 is currently under con-

sideration for the AGS. Other regions of interest are centered at 800

MeV/c and 400 MeV/c; the former for A hypernuclear studies and the

latter for E hypernuclei. Strong physics arguments can be made in

favor of beam lines in all three of these regions.



II. Research at

The LESB 1 beam line at the AGS was constructed in 1970 and first

used for hypernuclear research in 1978. Figure 3 shows the beam line

and spectrometer as they existed from 1978-1981. The spectrometer was

instrumented with multi-wire proportional counters at the spectrometer

entrance, at the target (pivot) position, and at the rear of the spec-

trometer. Timing scintillators, a differential kaon Cerenkov counter

at the entrance, and a pion veto Cerenkov counter at the target pro-

vided particle identification.

The important beam line and spectrometer parameters are summa-

rized in Table I; the length from the production target to the spec-

trometer target was about 22 meters. The resulting kaon rate, per

spill, of 18000 for 3xlO12 incident protons, was sufficient for the

initial experiments. The BNL program first studied A12c>5^ a n d

the data were interpreted through a DWIA analysis by Dover et al.^)

in terms of ( s ^ , P~l3/z'>> (P3/2» P~13/2>» <Pl/2» P 1

and (si/2, s~ 1/2) An particle-hole configurations. For example,

the excitation of the gs configuration (SI/2J P~ 3/2^ requires

AL=1 and is small near 0°, and much larger near 15°. The states

(P3/2> P~ 3/2) an(* (Pl/2> P~ 3/2^ contribute to a multiplet of

(0+,2+,2+) excitations at 11 MeV which lie close together and are

unresolvable with the spectrometer as shown in Fig. 4. The £L=2 con-

tributions to the multiplet are strong functions of angle, and they

produce a marked shoulder in the angular distribution from 10 to 20°

which is apparent from the experiment (Fig. 5). The position and the

width of this multiplet shows no discernable variation with angle;

this fact places severe constraints on the spin-dependent terms of the

A-nucleus interaction.

The spectrum of hypernuclear levels produced from a target system

which has non-zero spin and isospin is considerably more complex. The

case of j C is an excellent example'' of how a weak coupling



Table I. A Comparison of the old and new Moby Dick parameters.

Pre-1982 Present

pmax

Beam Length

Separation Ratio
(800 MeV/c)

Rates/1012 Proton

Rates (typical)

Spectrometer Resolution

Ap/p Spectrometer
Momentum Bit*

Spectrometer Rotation

1.1 GeV/c beam
0.9 spect .

±2%

22

10ir~/K~

3ir+/K+

6x103(K")

18x103(K")

0.1%

6

0-45°

13ms r

1.1 GeV/c beam
0.9 spect.

±2%

15.2

I O T T / K "

3.51T+/K+

45x10 3 ( O

135x10 3 (IT)

0.1%

16.5

-5-45°

23msr

theory can provide a fully consistent spectroscopic description in

terms of a shell model incorporating a generalized AN force. The

experiment on C also provided a direct measure of the weakness of

the A-nucleus spin orbit interaction.

The spectrum of ^ C can be understood by observing that it

bears a close resemblance to the spectrum of the neutron pickup reac-

tion C(p,d) C. In the weak coupling limit the spectrum can be con-

structed by superposing the neutron pickup spectra shifted by the 11

MeV spacing characteristic of the p to s A shell spacing (Fig. 6 ) .

Thus at 0° the spectrum consists largely of a p-shell A coupled to 1 i3

core excited states; at 15° it is largely an s-shell A coupled to

those states. However, there are important differences from the weak

coupling picture, and these differences can be related to the A-N



residual two-body interaction.8) Of special interest are the peaks

near 10 and 16 MeV (peaks labeled 3 and 4 of Fig. 7 ) .

The 10.4 MeV peak at 0° must have largely AL=0 character and thus

represents the configuration (pi/2> P ' ) AN, -»r a Pl/2 A

coupled to the C 0 + ground state case. At 15, however, the fiL=2

component predominate, and the corresponding peak represents a P3/2

A coupled to the 0 + core. The observed shift from 0 to 15° in that

peak is 0.36 ± 0.3 MeV, and represents a direct measure of the

P3/2~Pl/2 spin orbit splitting.

The 16 MeV peak corresponds at 0° to the p^/2 A coupled to the

2 + 1 2G core state. The energy difference of 6 MeV ±0.4 MeV is a

significant departure from the 4.4 MeV expected in the weak coupling

limit. These energy shifts, as well as sizeable differences in the

relative populations of final states as compared to the pickup reac-

tion, demonstrate that a significant A-N residual interaction is

required. The analysis of Auerbach et al.&) shows that these energy

splittings can be accounted for by a value for the Slater integral

F(2) (a measure of the quadrupole—quadrupole effective interaction)

between -3.4 and -3.0 MeV, and a spin-orbit splitting (Epi/2~

EP3/2) a 0*5 MeV. The value for I?(2) ±s considerably smaller than

the F\2) value of -10 MeV exhibited by the nucleon-nucleon p-shell

interaction. Attempts have been made to explain these differences by

a naive quark model"' or by a treatment using relativistic mean

field theory.10)

III. Hypernuclear f-ray Spectroscopy

The small values for the spin-dependent A-nucleus interaction

suggested by these experiments indicate the inability of magnetic

spectrometer analysis to separate the fine structure of the A-nuclear

multiplets. Thus we were led to consider the feasibility of detecting

electromagnetic radiation between hypernuclear states in coincidence



with a K-n trigger. With the aid of selective cuts on the (KTI)

missing mass spectrum, it is possible to isolate the initial state and

study its deexcitation.

The chief technical problem is simply kaon beam intensity. A

redesign of the Moby Dick spectrometer system was carried out in

1980—1981. The idea was to incorporate the kaon analysis in the last

dipole of the beam line, perform the pion analysis in the first dipole

of Moby Dick, and discard the last dipole. The result is a shortening

of the beam length of almost seven meters. The parameters of the

shortened Moby Dick are shown in Table 1. Increases in momentum bite

and solid angle were also achieved by increasing quadrupole aper-

tures. The beam line/spectrometer system as it presently exists is

shown in Fig. 8.

Hypernuclear deexcitation by y-ray emission must be able to

compete with weak decay; hence there is a range of y-ray energies

below which radiation will not be seen. This limit lies roughly

between 50 and 100 keV. On the other hand, if the excitation energy

lies above a particle emission threshold, y rays will not be seen from

the produced hypernucleus. In some cases y rays will, however, be

present in the residual nuclei or hypernuclei. We may also distin-

guish two types of transitions: a) one in which the A acts as a spec-

tator while the nuclear core state transition occurs, and b) the A

itself participates. The most interesting example of the latter is

the M-l spin flip transition connecting members of the hypernuclear

multiplet. Another example is the p-»-s transition in ^ C, where the

p shell A is bound.

The y-ray technique has been successfully applied to the in

flight (K,ir) reaction for the first time at the AGS,11) and this

Y-ray data represents an important extension of our ability to observe

hypernuclear y rays, which were first seen using stopping kaons.^)

The use of the technique is illustrated in the case of the AN



interaction in the p-shell. This subject was initially explored by

Dalitz and Gal,13) and more recently by Millener, Gal, Dover, and

Dalitz.14)

The two-body interaction can be expressed in terms of five

components

Vo(D + V0(r)SN.SA + V ^ r H ^ + V ^ r ) * ^ + VT(r)S 12

represented respectively by the parameters V, A, Sj^, SJJ, and T

(tensor) which are assumed constant through the p-shell. The original

Gal and Dalitz calculation yields a level scheme for ^ Li which is

illustrated in Fig. 9. Particle bound states appear below the 3.94

MeV threshold for breakup into ^ He and H. The relevant T̂ i core

states are the l+gs, the 2.18 3 + first excited states, and the 3.56

MeV 0 + state.

In June 1982 the BNL group completed an experiment on targets of

7Li, 9Be, and 1 S 0 . An array of 6-5inx3in and 2-8inx6in Nal detectors

surrounded the target with an effective solid angle of about 30%. For

the A ki case, a total flux of 10 kaons on a 8 gram/cm target

produced 1.2x10 ^ L i hypernuclei, of which 1400 events corresponded

to bound state production. The experimental results are succinctly

presented in Figs. 9 and 10. We summarize these results as follows:

a) In the excitation spectrum, below the hypernuclear gs, no

peaks, except for the ever-present 511 keV annihilation, are observed.

b) In the region -2<EX<8 MeV, a peak at 2.034 ± 0.023 MeV is

observed. In this peak nearly 100 events are observed; at this energy

the net photopeak efficiency of the array is about 10%. The peak is

observed in no other excitation region, and no nuclear y rays exist

near 2 MeV for A<7. Hence this peak may be unambiguously assigned to



the 5/2++l/2+ transition in fjl-i. It is interesting to observe that

the corresponding 3++l+ transition in the T̂ i nucleus occurs by or-d

breakup. The presence of the A stabilizes the system against breakup,

thus permitting the observation of the y ray.

c) No peaks, save that due to 511 radiation, is observed in the

cut for 4<Ex<10 MeV.

d) A peak at 3.56 MeV appears for 10<Ex<16 MeV. Here there is

sufficient energy for A emission to populate T̂ i excited states. The

lowest such state is the 3.56 T=l level; hence the peak represents a

nuclear line.

e) At high excitations, Ex>22 MeV, the ^ Li system can break

up into A=4 and A=3 fragments. A peak at 1.10 ± 0.04 MeV appears.

This peak nicely confirms the observation of the 1.04 and 1.15 MeV y

rays reported by Piekarz and his collaborators in the ^ H and ĵ Tte

systems. 1*)

We have seen no evidence for the 3/2+ to l/2+ spin flip transi-

tion for A Li. This spacing was originally predicted by Dalitz and

Gal to be 250 keV, and more recently in the analysis by Millener and

Gal to be near 600 keV. If the former prediction were accurate, the

transition would have been unobservable in the Nal experiment due to

the large background continuum below 500 KeV. If the latter predic-

tion were accurate, the line might be obscured by its proximity to the

511 annihilation line, or it might be populated too weakly to be

observed. This 3/2+ to l/2+ transition would be extremely interesting

to observe, since the splitting is almost exclusively due the the A-N

spin-spin interaction, since L=0 for the Li core. Unfortunately, the

spin-flip excitation is strongly suppressed at forward angles, and the

3/2+ state can only be populated by a weak branch from the 5/2+ level,

or by a stronger branch from the l/2+ T=l level, which may or may not

be particle stable.



In the j Be spectrum we see a y ray consistent with the deexci-

tation of the 3/2+, 5/2+ doublet to the A
9Be ground state with a

transition energy of 3.089 ± 0.04 MeV (Fig. 12). In this case the

doublet members are. expected to be equally populated. Since the

nuclear core in this case has S=0, the spin-spin interaction would be

absent, and the splitting would be expected to be largely a measure of

the S A * % interaction^ The observation of a single, unresolved

peak places severe constraints on the value of SA. If one ignores

the small effects expected from the tensor and spin-spin terms in this

case the absolute value of S\ would be constrained, from our experi-

ment to be less than 0.04 MeV.

In the recent analysis of Millener et al.,^) based on a)

2-body A-N interaction data, b) the excitation of the 1 + states in the

A
4 H and A

4He systems, c) the 1 3C (K~,TT~) data, and d) the (Kiry)
7 9

experiments on A Li and ^ Be, a revised set of estimates for the

spin-spin and spin-orbit interactions is obtained. A test of these

predictions is currently underway at the AGS.

IV. Current Research

The results of experiment and predictions so far indicates that,

in general, the splitting of the hypernuclear spin-dependent multi-

plets is small, and further, that they result from the superposition

of several terms of various signs and magnitudes. For the heavier

p-shell hypernuclei, for example, A 0, t*le splitting is dependent

sensitively on the strength of the tensor- interaction. Thus a com-

plete characterization of the interaction depends on combining data

from several hypernuclei across the p-shell, where the relative magni-

tudes of the several components vary. The small separations of the

ground state multiplets suggest that it is necessary to measure rather

low Y-ray energies (typically, 100 keV) with good resolution, so as to

maximize the signal-to-continuum ratio. Two hypernuclei seem to be

good candidates for the test: A
1 0 B and A

1 G 0 . For A
1 0B only the



gs doublet members are particle stable and the 2 to 1~ gs transition

has been estimated to be 170 keV. For this case

AE(2~+1~) = 0.62A + 1.36 SA + 0.05 S N - 1.A9T.

For A °» both the 1~ and 0~ members of the ground state doublet are

fed with equal intensity from the (3/2~xSA) 1~ level, and the feed-

ing is virtually independent of any assumption about the level order-

ing. For the ^ 1 60 case

K T ) » -0.38A + 1.38 SA - 0.03 S N + 7.85T.

Thus the pair of ^ B and ^ 0 form an excellent check on the

recent predictions of Millener et al. concerning the parameters A,

S^ and T.

An experiment on these hypernuclei is currently in progress at

the AGS. Several important modifications have been made to the

apparatus of the first y-ray experiments. A new set of high rate,

high resolution drift chambers has been installed to perform the

particle tracking required in the (K~, ir~) reaction. These have

recently been described by Pile.1^)

The second modification is the replacement of Nal detectors by

n-type intrinsic germanium detectors. Figure 13 shows the array of 6

detectors, each of nominal 15% efficiency (relative to 3 in Nal)

mounted approximately 10 cm above and below a 12 gm/cm TJ target. A

very convenient cryostat for in-beam spectroscopy is now commercially

available. Portable GE detectors capable of operation in any orienta-

tion and featuring a small reservoir of liquid nitrogen can be conven-

iently mounted in a close-packed geometry.*) The overall diameter

of the cryostat is 10 cm. The reservoir of 0.4 liter capacity is

*e.g., Canberra Model 7229N in a Model 7935S "Minimac" cryostat.



capable of an 8-12 hour holding time. The detectors are remotely

filled with solenoid-activated valves at intervals of 4 hours. The

detectors are surrounded by a graded shield of Pb, Cd, and Cu to cut

down on low energy background photons. There is, however, no shield-

ing between the target and detector face. The detectors are of the

closed-end coaxial type, with depletion depths of approximately 40 mm

and diameters of 50 mm. They have essentially 100 per cent intrinsic

efficiency from 2C keV to 200 keV, with the efficiency falling by a

factor of three at 500 keV.

The hostile environment caused by the proximity of a beam of

about 10 particles/sec, mostly pions, near the detpet^s requires

some special treatment. We have adopted the use of a standard spec-

troscopy amplifier operated with short pulse shaping time constants

(0.25 usec), whose output is coupled to a gated integrator*T) This

combination gives a high rate handling capability, yet allows for the

relatively slow charge collection of the germanium crystals.

The be^s is surrounded by a halo of decay rations which deposit a

Jiige amount of energy in the detector. Typically we observe in

excess of 5x10 /sec muon-induced events in each crystal, each deposit-

ing about 50 MeV of Y~equivalent ionization. The preamplifier must be

able to handle the average current—about 10 nano-amperes through the

beam spill—without blocking due to base line shift. This can be

accomplished by a reduction in the input feedback resistor from the

9 ft

typically used 2x10 ohms to 500x10 ohms. Furthermore, the amplifier

must be able to recover from these overload pulses quickly enough to

be able to handle succeeding events without excessive base line

distortions. This places severe demands on the amplifier overload

recovery characteristic and on its base-line restorer. Figure 14

illustrates the performance of our system, showing pulse heights of

100, 511, and 750 keV as observed with and without beam on target.

Model 673



With our rates of B1.2xl0 total beam particles, we achieve signal

processing efficiencies of 50 to 60%, defined as events which lie

within a resolution width of 4 keV compared to all events.

Germanium timing is crucial, and is done through separate,

parallel amplifier channels. The output of a wide-band amplifier is

delay-line clipped and fed to a constant fraction discriminator*)

set at a discriminator level of =5 keV. Timing curves characteristic

of 80 keV (133Ba) and 1332 keV (60Co) radiation are shown in Fig. 15,

as measured under actual beam conditions. As is evident, the time

distributions are strong functions of Y~ray energy, ranging from =30ns

FWHM at 80 keV to "5ns for 1.3 MeV.

We emphasize the low count rates expected from these experi-

ments. For a time integrated beam flux comparable to what was

obtained in the ̂  ̂ i experiment, and for a production cross section

of 50 ub/sr, expected count rates over the six crystal array are no

more than 0.5 counts/hour. Thus the success of our present experiment

is still to be demonstrated.

V. Future Plans

In this section are listed several experiments which offer

promising lines for future development. Several are possible with

existing AGS facilities; some are contingent on proposed beam line

improvements. Some ideas on possible beam line development have been

given in recent publications, in particular, in the Proceedings of the

Third LAMPF II Workshop. They are not repeated here.
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Q,K) Studies

The observation of hypernuclear levels by associated production

with the (ir+,K+) reaction has been successfully demonstrated by a Los

Alamos-BNL-Houston-CMU-Texas collaboration at the AGS.16) Figure 16
1 O

shows the spectrum obtained with a C target at E-R+ = 1050 MeV/c,

and 9=0°. The momentum transfer for this reaction is substantially

higher than that for the (K~,TT~) reaction, being in the order of 350

MeV/c at 0°. Data are also available at 10 and 15°.

Although this spectrum bears a superficial resemblance to the

(K~,TT~) spectrum of Fig. 4, it is evident, because of the higher

momentum transfer, that the components of the 11 MeV peak are differ-

ent in the two cases. This reaction has been proposed as a way of

preferentially exciting stretched nuclear configurations in heavier

hypernuclei, where the momentum match is more appropriate. Presently

the cross sections are being determined from the data and a comparison

with DWIA calculations such as those of Dover, Ludeking and

Walker*') are in progress. Although the (TT,K) production cross

sections are clearly lower than those for (K,ir), the production rate

is comparable because of the higher ratio of IT'S to K's in the beam.

The (it,K) reaction offers less absorption, especially in the exit

channel, and is thus favorable for larger nuclei and for deeply lying

states.

Hypernuclear Lifetimes

Only sparse data, obtained largely from emulsion experiments,

exists on the weak decay of the A in nuclear matter. Both mesonic

(A+n+ir"; A+p+ir") and non-mesonic (A+n-m+n, A+p->p+n) modes are present.

Pauli blocking of the recoil A tends to inhibit the mesonic decay

mode, especially for heavier hypernuclei. The branching ratios for



these modes are obviously influenced by tjie detailed nuclear struc-

ture, and calculations giving a wide range of lifetimes exist.

12Recently a direct lifetime measurement on ^ C has been carried

tit by a CMU-Houston-BNL collaboration at the AGS.^' A target of
l"Q was inserted into Moby Dick with a range telescope sensitive to

protons and pions placed near the target. In-beaia timing scintilla-

tors served to define the (K,TT) event in time. The range telescope

included a MWPC which allows tracking of the emergent pions and

protons and corrections for their flight time. Cuts on the ^ T]

excitation energy distinguish bound state and quasi-free ^ X

production and allow a direct comparison of free and bound lifetimes.

Figure 17 shows a preliminary result which was used to test the

performance of the timing scintillators. The (TT,P) reaction on X

was measured and displays the timing response in the limit where t=0.

Also shown is a curve estimated if the non-mesonic decay mode is

absent, giving a lifetime about 5 times longer than the free decay.

It is evident from the figure that lifetimes as short as about 100 ps

can be measured by this technique. This experiment will be repeated

for Li and He targets in the near futui

nuclear mass dependence for the lifetime.

Strange Dibaryon Resonances

for Li and He targets in the near future in order to establish the

The subject of quarks in nuclei is receiving much attention. Are

these observable phenomena which require an explanation in terms of a

quark-bag model? Such models predict the existence of 6 quark states

or dibaryon resonances interacting via gluon exchange, rather than

separated color singlets interacting via mesons. Non-strange dibaryon

resonances are difficult to detect because of their broadness due to

pionic decay channels. £trange dibaryons couple to AN or IN channels

and lie closer to baryon—baryon thresholds than do their S=0 analogs.



The lowest S = -1 resonance predicted19) litjs near the 2.13 GeV

Z-n threshold and decays by £=1 particle emission. Thus decay is

inhibited by a centrifugal barrier as well as the color-magnetic

energy; thus an observable peak may be observable.

The E-n system produces an observable threshold cusp in the

missing mass spectrum of (K~,TT~) on H. The Z-n system is formed in

the S state, and thus the dependence of the cusp on momentum transfer

would be different from the proposed dibaryon resonance. Furthermore,

the observed shape of the threshold cusp has never been satisfactorily

explained, and the resonance may be buried on the side of the cusp. A

proposed experiment by Piekarz^O) will examine the cusp region as a

function of reaction angle. Thus there is hope of resolving the

resonance from the adjacent cusp. A triple-layered hodoscope

surrounding the target will detect the emitted protons and pions from

both the resonance decay and from quasi-free processes, and will

enable us to distinguish between the processes through their energy

distributions.

An S =» -2 dibaryon has been proposed by Jaffe.^1) This

particle, termed the "H" particle is an s-wave, flavor singlet

dibaryon with J^O"1", and is expected to occur at 2.15 GeV/c2. The

state has 2u, 2d, and 2s quarks in s—orbits with anti-parallel spins,

and is expected to have an energy of «80 MeV against breakup into AA

and would thus be stable against strong decay. Several experimental

approaches have been discussed by Aerts and Dover^) and by

Barnes.") In the former approach the reaction occurs on an Tie

target:

K~ + 3He + K+ + n + H

The detection of the outgoing KT1" and spectator neutron is perhaps

feasible, with a cross section dza/d%df2n = 33(nb/sr) at <th=90°,

<f>K+=O°.



This experiment is one of several possibilities of exploiting the

(K",^) reaction to produce S = -2 objects. It would require a new

kaon beam line operating near 1.5 GeV/c with an intensity in excess of

10 kaons/sec. Other interesting possibilities include the production

of cascade hypernuclei, at cross section levels of a microbarn/sr.

The detection of the outgoing K+ and spectator neutron is perhaps

feasible, with a cross section d2a/dQKdnn = 33(nb/sr) at <ih=90°,

This experiment is one of several possibilities of exploiting the

(K'.IC'') reaction to produce S = -2 objects. It would require a new

kaon beam line operating near 1.5 GeV/c with an intensity in excess of

10 kaons/sec. Other interesting possibilities include the production

of cascade hypernuclei, at cross section levels of a microbarn/sr.

VI. Conclusions

The development of hypernuclear research has been dependent on

several key technical developments. These include the production of

good quality separated beams, the development of one and two-armed

spectrometers, and the increase in available kaon intensifies. The

future of hypernuclear research depends on the continued availability

of such beams and their improvement. At least an order of magnitude

intensity increase, while maintaining a favorable K to i ratio, is

required to explore the exotic possibilities of doubly strange

systems. Future research in the y-ray spectroscopy of hypernuclei

also depends on further intensity increases.
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Figure Captions

1. An emulsion photograph of ^ Li formed by the (K~, ir~) reaction

on 1 60 (ref. 2).

2. A comparison of A separation energies compared to neutron separa-

tion energies for some selected nuclei.

3. The layout for the Moby Dick spectrometer used at BNL from 1978

to 1981.

4. The A 1 2 C spectrum from (K~,ir~) at 15°.

5. The (K~,IT~) angular distribution.
•I O

6. The interpretation of the jy C (K~,ir~) spectrum in the weak

coupling limit.

7. The A 1 3 C spectrum at 0° and 15°.

8. The layout for the new Moby Dick configuration. The parameters

for the shortened beam line and spectrometer are shown in Table

I.

9. The yy7Li level scheme of Dalitz and Gal.

10. The A Li (K~,IT~Y) spectrum at low excitation.
7 — _

11. The JV Li (K ,ir y) spectrum at high excitation.
12. The jv9Be (K~,Try) spectrum.

13. The Ge detector array used in the (K~,ITY) experiment on 10B.



14. The performance of the amplifier-gated integrator combination as

measured with and without the fcaon beam. Shown are the unipolar

and gated integrator signals. The lines occur at 100, 511, and

750 keV, and are continuously recorded to monitor gain and base-

line shifts.

15. The timing distributions for 81 and 1332 keV radiation as

observed from the Ge detectors,

l(j. A (TT+,K+) spectrum obtained from a 12C target.

17. The calibration time distribution achieved for the hypernuclear

lifetime study of A 1 2 C «
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