(11)4/’}' AL ’Q((\ - 1

)
Los Alamos Nantonal Laboraiory 5 oDerated Dy the University of Californs hw mae Umited Siates Depanimen of Energy uraar conirect W.7404.ENG 18

LA-UR--87-3053
DES8 000526

TTLE.  PION-INDUCED MESQN PRODUCTION IN NUCLEL -~
(7,n) AND THE (v ,K') REACTIONS

AUTHOR(S) J. C., Peng

SUBMITTED TO Proceedings of [nternational Symposium on Medium Energy
Phivsics, Beljing, China, June 23-27, 1987

DISCLAIMER

This repurt was prepared s an account of work sponsored by un ageney of the nited States
Giovern aent Netther the Umited States Goverament nor any agency thereof, nor any ol thew
cmployees, makes any wattanty, express or unphed, or assumes any legal lint ity ar responsi
tihity for the acentucy, complrteness, or uscfulness of any information, apparatus, product, a
process dischosed, or represents that ity use would not infringe privately owned nghts Reler
ence heremn to any specihic commercial product, provesy, or service by trade nume, trademark,
manulacturer, or utherwise dues nut necessatily constitute or imply ity endorsement, recom
mendation, or Tuvoring by the United States Goverament ot any :.gency thereof The views
and opinions of authors expressed herein do noi necesaanly state o teflect thase of the
UInited States Giovernment or any agency theceol.

® ,
Y 8CEORIANCE of IMS 8711210, ING DUBKANG? TRcOPnies thet Ine . § Government retaing a nonerchusve *oyaity-t198 hCONIE 10 DUBKAN OF rEDIBYUCE
1he pubaned lohn of 1N CONNDUIG: o lo BNgw OWNe’s {0 0O 50, for US Qovernmen PUIDOeS

™ [TUPY
¢ Les Allmas NSLORS LaDOratory 18QUONS INBT Ihe BuBHING! [ankly 1S BI1ICIe 88 work Porlermad unaer ING susprees o INe U § Deparrment af treigr

. MASTER
0S8 AIZNAOS Lesaiamos NationalLabarstory

Y =) ey v \\ \ \
ill.‘w’\ . ' LY :5'“!“:.. '


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


PION-INDUCED MESON PRODUCTION IN NUCLEI -
THE (r,7) AND THE (r*, K*) REACTIONS

[ 4

J. C. Peng
Los Alamos National Laboratory
Los Alamos, New Mexico 87545
USA

ABSTRACT

The subject of meson productions in nuclei, a new direction in
pion-nucleus physics, is discussed. Recent experimental results at LAMPF
and AGS on the (r,n) and (x*, K*) reactions in nuclei are presented.

[. INTRODUCTION

The subject of pion-nucleus interaction has been extensively studied during the
last decade at several meson factories. Some examples of such studies, namely, the pion-
induced single and double charge-exchange reactions and pion absorption in nuclei, have
been discussed in this symposium. In order to obtain a global picture of meson nucleus
interactior, it is very desirable to investigate not only the interaction between pion and
nuclei, but also the interaction between other heavier inesons and nuclei. In this talk, I
will report on the (x,n) and (=, K) experiments recently performed at LAMPF and at
AGS. These experiments represent some of the first efforts to study pion-induced heavy
mesons productions in nuclei.

The subject of pion-induced heavy meson production in nuclei is just beginning
to be explored. There exist very few experimental data on this subject. This situation
is raostly due to the fact that relatively high energy pion beams are required for such
cxperiments. In Fig. 1 we show tne thresholds for producing various niesons on nucleon
with picn beam. The energies of the pion beam at the existing meson factories such as
SIN and TRIUMF are not sufficiently high to produce these heavy mesons. Fortunately,
as shown in Fig. 1, the .hreshold for coherent meson productions on nuclear targets are
significantly lowered. In this talk, I will focus on the production of two of the lightest

mesons, namely the eta meson and the kaon.

I (7,n) REACTION IN NUCLEI

Before discussing the (7, y) reaction, it is useful to review briefly some properties
of the n meaon. In a certain sense, the eta meson can be considered as a heavy 49 meson,
It is instructive to compare the 5 meson with the ¥ meson and the 5’ meson. Some

properties of the x”, n, nrd n' meaons are listed in Table L' These three mesons, as
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F'ig. 1. Thresholds for pion-induced meson productioas on nucleon snd on nuciear
targets.

members of the pseudoscalar meson nonet, have identical spin, narity and C-parity. A
major difference between the n, n’ mesons and the x° mesca is in their isospin. The
7, n' mesons, being isoscalar particles, can have s and 22, in addition to the ué and
dd, as their quark contents. Table I lists the pure SU(3) quark wave functions for these
inesons. The relatively large mass of n, n’ reflects the strange quark #5 components in
them. Similar to the x° meson, which decays predominantly iuto two photons, the n
meson also decays into two photons with a large fraction. Indeed, detections of the 2% 5
and n’ mesons ure usually made through the measurement of the phcton paic.

In addition to using pion beam to produce n meson, one could also nse inedium
energy proton, kaon, and photon beams. The (x,n) reaction has the advantage that
the cross section is rather large. Figure 2 shows ths intngrated cross sections? of the
7 p -~ nn reaction as a function of beam energy. The cruss section poaks at snergy

very close to the threshold. Fortunately, the maximum pion beamn energy at Los Alamos



TABLE 1. Properties of x°, n and n’ mesons

x” n n

JPC 0o-+ 0-+ o-+

(1, 1s) (1,0) (0,0) (0,0)

Quark w.f. (ui -- dd)/V2  (ua+dd - 2s5)/v6 (ut+dd+ s5)/\V3

Mass 134.9 MeV 548.8 MeV 957.6 MeV

Mean life 0..3 x 10~ 1%5¢c 0.75 x 1078 gec 0.28 x 10 2%g¢c

24 decay fraction 98.8% 39% 2%
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'ig. 2. Integrated cross section of the x “p — nn reaction.

is slightly above the x~p — nn threshold. Furthermore, the threshold is significantly
lowered for (7,n) reaction on nuclear targets and intense pion beams are available at
these energies.

At the time we proposed to measure the (x,n) reaction at LAMPF, there existed,
not surprisingly, very few experimental data’-% on the (x,n) reaction on nuclear targets.
These data were obtained with very high energy pion beam and only inclusive n spectra

were measured due to relatively poor energy resolution. Our LAMPF experiments’ ex-
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Fig. 3. Quark diagrams for the x "p — #°n and » “p — nn reactions.

plore the (#,n) reaction at energies near or even below the free threshold. Furthermore,
we proposed not only to measure the inclusive n spectra but also to look for any discrete
states excited in the (x,n) reaction. Clearly, adequate energy resolution is required for

identifying discrete states.

We will now present some of the physics issues concerning the (x,n) reaction on
nuclear targets.

a. (x%,n) as a charge-exchange reaction

Tke (x%,n) can be regarded as exotic charge-exchange reactions. It is interesting to
compare the (x*,n) with the more conventional and extensively studied (» ¥, x°) charge-
exchange reaction. Figure 3 shows the two quark diagrams contributing to the (x~,7°)
and (x7,n) reactions. The first diagram involves quark exchange anu leads to the ua
component of the 7%, wave functions. The second diagram shows that annihilation and
creation of ¢§ pairs are responsible for producing the dd component. It is iraportant to
note that there it no quark diagram which can lead to the s¥ component in .

Since the x*, x0 belong to the same isospin multiplet, the (£, x%) chargc-exchange
reactions are closely related to x % elastic scattering. In fact, the (x*, x°) reactions reflect
the isosnin dependerce of the x-nucleus jateraction. The (x%,n) reactions, on the oiher
hand, involves a pair of particles having lifferent isospins. Therefore, the (x*,n) reactions
1eveal the reactive content of the x-nucleus interaction.

It should also be mentioned that in the (x,n) reaction the momentum transfer,
~.250 MeV /c at 0°, is large compared with the (x,x°) reaction. While (x%,x?) reactions
are suitable for excitirg low spin states such as Isobaric Analog States (IAS),® the (r*,1n)
reactions are expected to excite rnore favorably high spin states.

b. N*® resonances

While the xN system can couple to both A* and N* resonances, the nN system can
only couple to N* resoniances. Table Il shows that the N*(144C)Py,, N*(1535)S;, and
N*/1710)Py, resonances have large branching ratios to the nN channel. The N*(1535)S,,



TABLE II. Coupling between N* and nN

Resonance JP Laras nN Branching
N*(1440) i+ Py 8 — 18%
N*(1535) - Su 45 - 55%
N*(1710) 1* P, ~ 25%

resonance is ¥nown to play a dominant role® in the x“p — nN reaction at threshold
energies. The coupling between the N*(1440) Roper resonance to the nN channe! is
less well estublished. Since the N*(1440) Roper resonance lies below the nN threshoid,
one expects that subthreshold n production on nuclear targets could be sensitive to the
Roper resonance. A similar situation occurs in the K~ N system, where subthreskold Y*
resonances greatly influence the X~ N interaction at thresbold energies.

c. n-nucleus interaction

Since the n meson is too short-lived to be used as a beam, there exists very little
information on n-pucleon and 7-nucleus interactions. Production of n mesons inside a
nucleus allows us to deduce these interactions.

In the SU(3) model, the nN coupling constant G, n is related to the x N coupling
constant G,y by the relation!®

GyNN = G,Nn(3 - 40)/\/3- .

where a = D/(D + F), and D,F are the streng*hs of coupling in SU(3). The hyperon
decay experiments give 0.60 < a < 0.68, therefore, SU(3) predicts G2y, /G2 yn to be
between 0.043 and 0.12. This shows that the nN interaction is expected to be muck
weaker than the # N interaction. One could understaud qualitatively thiz situation by
realizing that the s component in n does not contribute to the n N interaction.

The G N~ ran also be deduced fiom tha description of N ¥ forco by One-Boson-
Exchange Model. It is generally believad that the effect of n-meson exchange is small and
the deduced value'! of G3 yy/G1y y is 0.29 in the most recent tabulation.

Another quantity relevant to the nN interaction at low energy is the scattering
length. In a K-matrix analysis of the x~p — nN reaction, Tuan!? deduced the nN
scattering length to he 0.83 + 10.05/m. More recently, Bhalerao and Liu'® use iso-
bar model to analyse a more complete set of x~p -+ nN data and obtain a value of



TABLE III. Summary of n-meson production measurements at LAMPF

Date Reactions Apparatus

Sept. '84 p(x~,n)n neutron detectors
2C(x-,n) BGO (n — 27 detection)

June ’85 He(x—,t)n LAS spectrometer

(triton detection)

Oct. 85 p(x=,n)n x°-spectrometer (Pb glass)
SHe(x™,n)t (n — 27 detection)
TLi(x*,n)" Be

(x*,n) inclusive

Oct. '88 d(x%,n) n-spectrometer (Nal + BGO)
(»%,n) inclusive (n — 2+ detection)

0.28 +¢0.19fm. Although these two analyses give diferent magnitude of the scattering
length, they both predic: that the real part of the nN interaction is attractive. This
led to the prediction!*!* that n-nucleus bound states couid exist. Since an n in nucleus
can underyo stron; interactions such as nN -+ x N, nN — s« N, and nN — sxx N, it
is not clear'* that the widths nf n-nucleus states are sufficiently narrow tn be observed
experimentally. As will be shown later, the total n N cross sections can be deduced from

the mass dependence of the (x,n) inclusive cross section.

LI (x,n) EXPERIMENTS AT LAMPF

During the last two years, there have been several (x,n) experiments carried out
at LAMPF. Table IlI lists these experiments. A number of different apparatus, including
neutron detectors, charged particle spectrometer and photon spectrometers, have been

used in these experiments. We will now discuss the set-ups and some preliminary result
from these experiments.

a. *He(x~,t)n reaction’®

The *He target is of interest since the * He(x~,n)t reaction can be identified by
Jetecting either the n mesons or the recoiled tritons. Furthermore, the structure of *He
and triton are relatively simple so that theoretical analysis of this reaction is less subiected

to uncertainties in nuclear structure. Finally, the ® He(r =, x")t charge-cxchange 1eaction
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has been studied in great detail both theoretically!” and experimentally.!® This allows
us to compare the 3 He(~, n)t reaction with the 3 He(x~,x°)¢ reaction.

The experiment was performed with 680 MeV/c x~ beam incident on a cryogenic
SHe target.!® The outgoing tritons were detected with a Large Acceptance Spectrometer
(LAS).?" The TOF and momentum measurements provided unarnbiguous triton identifi-
cation. Figure 4 shows the triton spectra at 0,4 == 5° and 10°. A peak is clearly observed
at an energy expected for the binary reaction *He(x~,t)n. In addition to this peak, one
observes a continuam background which is believed to come from the 3He(x~,t)xx and
$He(x - ,t)xxx multi-pion production reactious.

Figure b shows the measured cross sections for the * He(x~,n)t reaction at back-
ward angles. It is remarkable that the observed cross sections are rather sizable despite
the lai ge momentum transfer (~ 800MeV/c) and the fact that the beam momentum is al-
ready below the P(x~,n)n threshold (686 MeV /c). The p+d — 3 He + 1 cross sectiona?!
are more than three orders of magnitude lower than those of the x~ + 3He -+ n + ¢



He(n it 680 MeVsc

v T —T T
B
P ¢ !
2
c
o]
[*]
© 3
o'k J
F
-
lo" L P i i L A A e
0 20 40 60 80 i) 120 140 180 180

O.m (deg)
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reaction. The back-angle (8., = 140°) cross section for the 3He(x~,#x°)t reaction
measured!® at 406 MeV/c is about a factor -\f 10 larger than the 3 He(x~, n)t cross sec-
tions. One would expect this factor to be significantly larger, since the p(x =, x%)n cross
section at 406 MeV/c is ~ 20mb while the Fermi-averaged p(x~,n)n cross section st 680
MeV/c is ~ 1mb. Furthermore, the momentuin mismatch in the 3 He(x~, n)t reaction is
more severa thun in the 3He(x~, x°)t reaction. Therefore, it appears that the observed
SHe(r,n)t cross sections are larger than expected from simple considerations.

Theoretical studies on the 3 He(x, n)t reaction have been carried out using Distorted
Wave Impulse Approximation (DWIA). Thea N — nN and nN — n N ampiitudes used in
the DWIA calculations were obtained from an off-shell model (OSM)*® in which reactions
proceed by the formation of N* isobars. The parameters in this model were determined
from the N phase suift alone and the existing x ~p -+ n N cross sections near threshnld
energies were well described by this model. The nuclear form factors of *He and triton
were taken from electron scattering experiments. Results of the DWIA calculation is
shown as the solid curvz in Fig. 5. The DWIA predicta a diffractive shape for the angular
distribution which has a minimum near § ~ 80°. The observed cross sections at the
backwarJ angles are greater than the prediction by a factor of 2-4.

To make a more detailed ccmparison betwean the data and theory, it in clearly de-
sirable to measure the 3 He(x,n)t cross sections at forward angles. ‘This requires detecting

n mesons directly and is the next subject we will discuss.
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b. Subthreshold production of the ®He(r,n)t reaction

The LAMPF x° spectrometer,?? designed to measure x° mesons with reasonably
good energy resolution and solid angle accepcance, was used in this experiment to detect
the n — 24 decays. In order to understand the characteristics of this spectrometer, we
ficst measured the x “p — nn reaction. Figure 6 shows the histogram of the invariant mass
calculated with the expression m = 2(E, E;)/3sin(y/2), where E;, E; are the measure
energies of the two photons and ¢ is the opening angle bstween them. The n peak shows
up very clearly in the invariznt mass plot. The n energy resolution is ~ 10MeV', which
is mainly due to the beam (AE = TMeV) and the target thickness.

The invariant mass plot for the x~ + 2 He¢ reaction at 680 MeV /c is shown in Fig.
7. Once again, the n events are well iu ‘ntified in the mass plot. Figure 8 shows the
preliminary excitation energy spectra of the 2 He(x~,n) reacticn measured at three pion
beam momenta. At 680 MeV, which is near the free p(x—,%)n threshold, the 3 He(x,n)t
reastion appears as a shoul'er of the quasi-free 3 elx,n) reaction. As the beam mo-
mentum is lowered to 620 MeV/c, the separation between the ground state transition
and the quasi-free continuum improves greatly. At 590 MeV /c pion momentum, which
is just above the absolute threshold of the *}¢(x,n)t reaction and below the thresh-
old of any other *He(x,n) channels, the * He(x,n)t reaction is unambiguously detected.
It is intriguing that the subthreshold (x,n) reaction has such sn appreciavle cross sec-
tions. Several efforts?®34 to calculate the (x,n) cross section on nuclei are underway. In
particular, a DWIA calculation?® by Liu describes the shape of the ®He(x,n)t angular
distribution rather well, but underestirnates the magritude by a factor of ~ 2.
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c. (x*,n) inclusive cross sections

Figure 9 shows the energy-integrated (x*,n) inclusive cross sections on a number
of nuclei measured at three pior momenta. In an attempt to understand the observed
mass dependence of the (x*,n) inclusive cross sections, we use a version of the Glauber
theory developed by Kolbig and Margolis.?® In this model, the inclusive cross section
1s proportional to the effective nucleon number N,ss. The ingredients for calculating
N,sys are the nucleon density distribution, the hadron-nucleon t¢ .al cross sections for
the incident and the outgoing particles. The only unknown input in this calculation is
the total cross section for nN. The various curves on Fig. 9 correspond to calculations
using values of o(n/N). A good description of the mass dependence at all beam momenta
is obtained with o(nN) = 15mb. The extracted nN total cross secticn is rather small
compared to the x N total cross section of 34 mb at this energy. This is in qualitative
agreement with the theoretical expectation!® that nN interaction is weaker than the » N
interaction.

It is interesting to note that in the additive quark model,?® the nN total cross
section is related to the x N and KN total cross section as

1 1
ONN = 5(0K+p +0K—P +O0Kx+n +0’K-n) - 5(0.+p +¢7,-p) .

Figure 10 shows that the prediction of the additive quark model is in rather gcod agree-
ment with the data, most of which were obtained at much higher energies. For the sake
of comparison, o, n is also shown in Fig. 10. The nN total cross sections are clearly lcwer
than the = N total cross sections over a wide energy range.
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Very recently, we have made more measurements on the (x,n) reaction using the
eta-spectrometer. The cta-spectrometer is very similar to the LAMPF x%-spectrometer.
However, BGO and Nal crystals, rather than lead glass, were used for the converters
and shower detectors. The data obtained with the eta-spectrometer are currently being
analysed.

In summory, the (x%,r,) reactions have been measured on several nuclei nea. and
below the free threshold. The energy resolutions achieved in these e; periments were
sufficiently good that a discrete nuclear state s observed in the ® He(x~, n)t reaction.
Improved heam quality (A E ~ 1 MeV) would be required for observing discrete states in
heavy nuclei. From the mass dependence of the (x*,n) inclusiv~ cross sections, we have
extracted the nN total cross section at threshold energies. The result, o(nN) < o(x N), is
consistent with the prediction of additive quark model. The (7, 7) and (p,n) reactions on
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nuclear targets are also of interest and severa] experimental proposals to mea.ure these
reactions already exist. It would also be most interesting to study the production of other

massive mesons (p,w,0,n’, etc.) in nuclei with more energetic pion beamna.

IV. (x*,K*) EXPERIMENTS AT AGS

The major ph, sics motivation for measuring the (x*, K*) reaction in nuclei is to
study hypernuclei. For more than a decade, the (/. ~,x) reaction has been the most im-
portant tool?” to procuce hypernuclei. In this strangeness-exchange reaction, the strange
quark is brought in by the kaon beam and subsequently transferred to the target nu-
cleus to form a hypernucleus. The meager kaon flux available in existing accelerators
has limited the usefulness of tLe (K ~, x) reaction. In particular, high-spin hypernuclear
states, which are expected to be weakly populated in the (K ~, x) reaction, have never
been identified.

It is clear that hypernuclei can be produced by reactions other than the (K, ).
These reactions usually fall into the category of essociated preductions, in which & pair of
s and ¥ quarks are produced. Examples of such associated productions are the (x*, K*),
(p,K*), (7,K*) and the (p,A) reactions. In particular, Dover, Ludeking and Walker??
investigated the theoretical sspects of the (x+, K*) reaction as a spectroscopic tool for
hypernuclear physics. The first (x*, K*) experiments, proposed by Thiessen,!® was
periormed at the AGS ascelerator in 1983. The feasibility of the (x*, K*) reacti~u for
hypernuclear spectroscopy was clearly demonstrated in this firit (x+, K+) experiment,
in which the !*C(x*, K*) reactions leading to the }C(g.0.} and i}C(2%) states were
unambiguously identified.*°

The sisable cross section observed in the *C(a*, X*) i?C(g.0.) transition sug-
gested that deeply bound A-hypernuclear states (including th< ground atate) can be fa-
vorable studied by the (x*, K *) reaction. A systematic investigation of such deeply
bound hypernuclear atates is of great interest for two reasons. First, the existing in’or-
mation on the A-hypernuclear binding energy, deduced from emulsion data, was restricted
to only light nuclei (A < 16).*! Experimenti! data on the binding energies of medium
and heavy hypernuclei are crucial for determining the A-binding energy in nuclear mat-
ter. Second, it was suggestad®? that the up and down quarks constituents of a A-particle
deeply bound inside the nuclei may experience the Pauli repulsion generated by the sur-
rounding nucleons. This conjectured partial-deconfinemert of A-particle inside nuclei
could lead to unusual behavior in the binding energiea of such ziates. The potential of
the (x*, K*) rsaction for studying heavy hypernuclei prompted two uew experimental
proposals at AGS?? and at KEK.* Ip sarly 1987, the AGS (x*,K*) experiment was
successfully performed. In the following, we will present the preliminary results of this



TABLE IV. Relevant Parameters for the (x*, K*) Measurements

Target Thickness Run time x* intensity
(sm/cm?) (hrs) (1/sec)
°Be 2.35 27 2 x 10°
¢ 2-4 13.5 2 v 10%, 1 x 107
13C 2.0 23 1x 107
190 3.0 434 2 x 10°
gy 4.03 73.3 2 ¥ 108
9Cq 4.03 109.5 2 x 108, 1 x 107
By 2.89 23 1x107
wy 4.03 88 1x 107

new (x*, K*) experiment.

The (x*,K*) experiment was performed at the Low Energy Separated Beain at
AGS using the hypernucloar spectrometer “Moby-Dick.” The beam momentum was
ckosen at 1050 MeV/c, which is near the peak of the n(x*, K+)A elementary cross
section. All measurements were made with ths kaon spectrometer situated at ;) = 10°.
The (v, K*) spectra were obtained on °Be, }3C, 13C, 140, 36y, 4°Cq, 'V, and *°Y.
Relatively high interaiiy picn fux up to 107 per beam spill was used in this experiment.
Table IV lists the pertinent information concerning measurements on various nuclear
targets.

Figure 11(a) shows the !*C(x*, K} spectrs measured in our experiment usirg an
active scintillator target. The [(p./,);‘(q,,)A] 1~ ground state and [(Pa/a);l(m/,h] 2+
state of }!C stand out clearly above the quasi-fres background. Since a bound A-nuclear
state eventually decays by releasing cnhusidersble amount of energy, one expecta to dis-
criminate the hypernuclear states from the quasi-free background by examining the energy
deposit in the active target. Figure 11(b) shows that the quasi-free background is indeed
significantly reduced when a large energy deposit in the target is required.

The (x+, K*) spectra obtained on tha Sy and *°Y targets are shown in Figs. 12-
13. The remarkably low experimental background allowed us to observe transitions with
cross sections as low as 0.1 ub/sr. Indeed we have good evidence that the }*Si and }°Y
ground states are populated in the (x+, K*+) reaction. In addition to the ground state,
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Fig. 11. '?C(x*, K*)}7C spectra measured at 1050 MeV/c and 6;,, = 10°. Quasifree
background is suppressed in (b) which requires large energy deposited in the active target,

other peaks are observed in the spectra. These peaks are tentatively identified as various
neutron-hole lambda-particle states. The tentative shell model configurations for these
states are shown in Figs. 12-13. The large momentu.n transfer occurring in the (v *, K )
reaction makes it impossible to determine the apin of hypernuclear states excited in this
reaction. Fortunately, it was shown®®:*® that the magnitude of the !2C(x+, K +)12C crons

sections can be well described by DWIA calculations. It is therefore very important to
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Fig. 12, Si(x*, K*)3%Si spectrum measured at 1050 MeV/c and 8,4y = 10°.

perform DWIA calculations for the nuclei studied in the present experiment. Preliminary
results®® give good agreament between the experiment and theory is obtained, supporting
our assignments of the configurations of various peaks in Figs. 12-15.

In Fig. 14 we plot the binding eneryies of the ground states observed in the present
(x*,K*) experiment as a function of A~?/2 where A is the mass number of the targst.
Since the A-hypernuclear ground state corresponds to a A-particla occupying an sy,
orbital, the binding energy for a A-particle in a square-well potential with constant depth
is proportional to A~%2®  Figure 14 showa that this simple preacription describes the
binding energy data very well. It is clear that one can use more realistic shape, such as
Woods-Saxon, for the A-nucleus potential. Dover and Millener showed that a Woods-
Saxon potential with a depth of 29.34 MeV can describe very well3” the binding energics
not only for the 8,3 A-orbital but also for vhe p, d and f A-orbitals. The success of the
shell model to describe the A bind.ng energies in heavy nuclei tends to support the view
that A particle maintains its identity deeply inside the nuclei. However, it is probably
unreasonable to expect large effects caused by poasible partial-deconfinement of A, and it

is important to further improve the accuracy (such as the energy resolutiou) for a more
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Fig. 13. **Y(x*,K*)%°Y spectrum measured at 1050 MeV /c and 8,3 = 10°.

sensitive search of such effects. We refer to the paper by Dover®? for s more detailed
discussion on this subject.

In summary, the recent (x*, K*) results from AGS clearly demonstrated the use-
fulness of this reaction for investigating hypernuclear physics. It would be interesting in
the future to measure the p(x*, K*) reaction on even heavier nuclei such as 2°® Pb. Fur-
thermore, one can explore the feasibility of the (x*, K*~) coincidence experiment as a
tonl for high-resolution hypernuclear spectroscopy. Finally, the (x =, K +)EZ~ elementary
process could be considered as a means for producing L-hypernuclei. We conclude this
paper by emphasizing that mediuin energy pion beams (0.5 GeV/c < P, < 2 GeV/c)

offer great opportunity for future advances in medium c¢nergy nuclear physics.
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