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PION-INDUCED MESON PRODUCTION IN NUCLEI -
THE (m)q) A-ND THE (m+, K+) REACTIONS

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 (x, q) and (z+, K+) reactions in nuclei are presented.

1, iNTRODUCTION

The subject of pion-nucleus interaction has been extensively studied during the

laat decade at several meson factories. Some examplea 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

interaction, it is very desirable to investigate not only the interaction between pion and

nuclei, but also the interaction between other heavier mesons and nuclei, In this talk, I

will report on the (n, q) and (r, K) experiments recently performed at LAMPF and at

A(; S,These experiments represent some of the first efforts to study pion-induced heavy

tmwons productions in nuclei,

‘I%e subject of pion-induced heavy meson production in nuclei is just beginning

to be cxplorod, There exist very few experimental data on this oubject. This situation

is r;]ost)y due to the fact that relatively high energy pion beams are required for such

cxperirnents, in Fig, 1 we show ti]u thresholds for producing various mesons on nucleon

with picn beam, The energies of the pion beam at thu existing meson factories such ns

SIN nnd ‘~RIJ_JMF are not sufficiently high to produce these heavy mesons, Fortunntcly,

:~ nhwn in [Jig, 1, the ,hrcshold for coherent meson productions on nuclear targets me

,$ignific!mtly lowered In thin talk, I will focuo on the production of two of the Iightcst

Incw)nn, nanwty the da meuon and the kaon,
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rig, 1. Thresholds for pion-induced meson productions on nucleon cmd on n{l.ciear
targets,

members of the peeudoscalar meson nonet, have identical spin, narity and C-parity, A

major difference between the q, q’ meeons and the X“ mesca is in their isoapin, The

q, q’ mesons, being inoecalar particlee, can have UJ and ,:/!, in addition to the UQ and

da, M their quark contents, Table I liets the pure SU(3) quurk wave functions for thmc

~neaons. The relatively large m- of q, q’ reflects the strange quark ●g cumpcment J in

them, Similar to the X“ meoon, wl,ich decaya predominantly i~to two photons, the q

meson alao decays into two photons with a large fraction, Indeed, detection of the n 0, r~

and V’ moeono are ueually made through the measurement of the phcton pait,

In addition to using pion beam to produce q meson, one could also use tmlium

energy proton, kaon, and photon bearna. The (x, q) reaction has the advante~e t~~at

the r,rosa oection is rather large, Figure 2 shows the integrated crowi eectionoa of the

n p -* qn reaction aa a function of beam energy, The croea section poakn at energy

vrry clone to the threshold, Fortunately, the maximum pion beam energy at IWOIilnrmm



TABLE I. Properties of x“, q and q’ me~ons

——. .—
r- 9 9’—. ——

Jpc 0-+

(1,13) (1,0)

Quark w.f. (UU -- d(i)//i?

Mass 134.9 MeV

Mean life 0.U3 x 10-1e8ec

2-7 decay fraction 98,8%

()-+

(0,0)

(“u + dd - 2ss)/@

548.8 MeV

0,75 x 10-1e8ec

39%

()-+

(0,0)
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957.6 MeV

0.28 X 10-20wc

!2%

1 , T T 1 , , ,,,

1(Y “
~%]

~

*I ~

l?-p - ~n
I

g 10-’ s j
E

t
s

; #

~ 10+ ‘ ~m,

3 “1.
;

.
●

10-’ 9 :
●

a

104 1,11 , , , ,,1 , 1 , ,

Id Id ld
LABORATORY MOMENTUM GEV/C

Jig. 2. Integrated croaa ~tion of the x ‘p + qn reaction,

is slightly above the m-p + qn threshold, Furthermore, the threshold is significantly

lowered for (n, q) reaction on nuclear targets and intense pion bearnn are available at

theee energiee,

At the time we propoeed to meaaure the (x, q) reaction at LAMPF, there existed,

not surprisingly, very few experimental datas–e on the (x, q) rearlion on nuchmr targets,

Them data were obtnined with vrry high energy pion bemm and only incluuive q upcctra

were meMured due to relatively poor energy resolution, our LAMPF experiments’ cx -



plore the (x, q) reaction at energies near or even below the free threshold. Ibrthermore,

we proposed not owly to meaeure the inclusive q spectra but also to look for any discrete

states excited in the (K, q) reaction. Clearly, adequate energy resolution is required for

identifying discrete atatee.

We will now preeent some of the physics iseuee concerning the (x, q) reaction on

nuclear targets.

a. (x*, q) as a charg-exchange reaction

The (m+, q) can be regarded ee exotic charge-exchange reactione. It is interesting to

compare the (x*, q) with the mor~ conventional and extensively studied (7 *, Z“) chargt+

exchange reaction. Figure 3 shows the two quark diagrams contributing to the (X-, X“)

and (x-, q) reactions. The first diagram involvee quark exchange arm leads to the uti

component of the no, q wave functions. The wxond diagram shows that annihilation and

creation of q~ pairs are responsible for producing the d~ component. It ia ix,lportant to

note that there i~ no quark diagram which can lead to the uil component in q.

Since the n+, X“ belong to the same ieoepin multiplet, the (x*, X“) Chargl.-exchange

reactions are closely rel~ted to z * elutic scattering. In fact, the (K*, To) reactions reflect

the isospin dependefice of the x-nucleus interaction. The (r*, q) reactions, on the other

hand, involves a pair of particles having !ifferent iaospins. Therefore, the (x*, q) reactions

Ieveal the reactive content of the x=nucleua interaction.

It should also be mentioned that in the (x, q) reaction the momentum transfer,

~~250 MeV/c at O“, is large compared with the (n, X“) reaction. While (z*, To) reactions

are &uitabie for exciting low epin statee such u Isobaric Analog States (IAS),8 the (n*, q)

reactions are expected to excite more favorabiy high spin states.

b. No reaormncen

While the TN nystem cat! couple to both A* and N* resonances, the qN eystern can

only couple to N* resonances. Table 11 shows that the N@(1440)P11, N*(1535)S11 and

N~(1710)Pll renonrmceu have Inrge branching ratios to the qN channel, The N*(1535)S11



TABLE IL Coupling between N“ and qN

Resonance Jp L213J qN Branching

N“(1440) :+ PI ~ 8 – 18%

N“(1535) ;- s~ ~ 45- 55%

N“(171O) ~+ PI ~ - 25%

reeonance ie known to play a dominant role” in the x ‘p - qN reaction at threehold

energiee. The coupling between the N*(1440) Roper reeonance to the qN channe! ie

leee well eetabliahed. Since the N*(1440) Roper reeonance lies below the qN threehold,

one expecte that aubthreehold q production on nuclear targete c.mdd be sensitive to the

Roper resonance. A similar situation occure in the A’- N system, where subthreehold Y*

resonance greatly influence the K-N interaction at threebold energies.

c. q-nucleus interaction

Since the q meson ie too short-lived to be wed ae a beam, there exists very little

information on q-nucleon and rpnucleua interactions. Production of q meeone ineide a

nucleus allow ue to deduce theee interaction.

III the SU(3) model, the qN coupling constant GqJV~ ~ relat~ to the ZN couplin6

constant GwN~ by the relation10

where a = D/(D + F), and D,F are the ctreng”he of coupling in SU(3), The hyperon

decay expwirnents give 0.60 c a <0,66, therefore, SU(3) predicts G~~PJ /C~~~ to be

between 0,043 and 0.12. This mhows that the qN interaction is expected to be much

weaker than the xIV interaction. One could understand qualitatively thti tiituation by

realizing that the SJ component in n doee not contribute to the q N~interaction.

The Gq~~ can aleo be deduced horn tho description of N N forco by OneBoeon-

Exchange Model. It ie generally believed that the effect of q-xneeon exchange is small and

11 of c:NN/@NNthe deduced value is 0.29 in the moat rwent tabulation.

Another quantity relevant to the qN interaction ●t low energy u the wattering

length, In a K-matrix analysis of the u-p + ON reaction, Wan 12 deduced the q N

scattering length to be 0.83 + iO.05fm, More recently, 13halerao and Liuls uee iflo-

bar model to analyee a tnore complete cet of x ‘p -+ qN data and obtain ● value of



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

Date React]ons Apparatun

Sept. ’84 p(~-,v)n neutron detectom

l~c(x-, q) BGO (q + 27 detection)

June ’85 ~He(K-)t)q LAS spectrometer

(triton detection)

Oct. ’85 P(fi-,q)n x“-spectrometer (Pb glm)

8He(r-, q)t (q -2-7 detection)

‘Li(x+, q)’ Be

(x+, q) inclusive

Oct. ’86 d(~i)o) q-spectrometer (Nal + BGO)

(X*, q) inclusive (q ~ 27 detection)

0,28 + iO. 19fm. tith~~jgb thase two a.nalyaea give diHerent magnitude of the scattering

length, they both predic that the real part of the qlV interaction is ●ttractive. This

led to the prediction 1“11 that q-nucleus bound stat- couid exist. Since an q in nucleus

c&n Underko stron~ interaction such M q~ .+ x~, q~ + WXN, and q~ 4 xxx~, it

ia riot cle~i’ that the widths of q-nucleus stmt~ MO w.flkiently narrow b be oherved

experimentally. h will be shown later, the total q~ crou mectioru can be deduced from

the mm dependence of the (s, q) inclusive crou ~tiou.

III. (m)q) EXPERIMENTS AT LAMPF

During the Iut two ye-, there have been several (x, q) experiments carried out

at LA.MPF. Table III lists th- experirnenta. A number of different npparatua, including

neutron detectors, charged puticle spectrometer UICl photon spectrometer, have been

used in them experimental We will nuw discuaa the aet-upe and some preliminwy result

from these experiments.

a. 19
‘He(x-, t)q reaction

The “He tm[tet is of interest since the ‘lYe(x-, q)t reaction can be identified by

detecting either the q mesom or the recoiled tritons. Furthermore, tbs ctructure of ‘He

and triton are relatively simple so that theoretical a.nalyois of thisreaction ia Ieu oubjected

to uncerf,aintiea in nucleu ntructure. Finally, the ‘He(,r - ,xn)t charg-exchange leaction
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Fig 4. Triton energy ~pectra meaaured in the aHe(x-, t) reaction. The arrows indi-
cat–e the expected locat ;;n of the ‘He(x-, t)q reacti&, T-he dashed lines indicate the
background estimate.

experimentally. 16 This allowshas been studied in great detail both theoretically17 and

us to compare the aIfe(x-, q)t reaction with the ‘He(x-, X“)t reaction.

The experiment WM performed with 680 MeV/c x- beam incident on a cryogenic

s He target. 19 The outgoing tritono were detected with a Large Acceptance Spectrometer

(LAS).an The TOF’ and momentum measurements provided unambiguous triton identifi-

caticm. Figure 4 shows the triton spectra at Ol@b= 5° and 10°. A peak in clearly observed

at an energy expected for the binary reaction ‘He(~-, t)q. In addition to thio peak ~one

observes a continuum background whit!! is believed to come from the 3He(x-, t)~r and

s He(r -, t)xxx multi-pion production reactions,

Figure !J ohows the meaaured crow eectiono for the 8He(x”-, q)t reaction at back-

ward angleo. It is remarknb!e that the observed croea mctions are rather sizable despite

the Iai 8e momentum transfer (~ 800A4eV/c) and the fact that the beam momentum is al-

ready below the P(x-, q)n threshold (686 Me V/c), The p+ d + 8He + q croaa nectionsal

are more than three orders of magnitude lower than thoee of the x-’ + ‘He --~ q + t
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Fig. 5. Croea sections meeaured in the ‘He(r -, q)t reactiGn. The solid curve is result
of DWIA calculation.

reaciion+ The back.angle (Oc,m. = 140°) cross section for the ‘He(x-, X“)t reaction

mewuredl* at 406 MeV/c is about a factor ‘if 10 larger than the ‘He(x-, q)t croes eec-

tions, One would expect this fw.tor to be significantly larger, since the p(m-, m“)n cros~

section at 4(J6 MeV/c is * 20rnb while the Fermi-averaged p(m-, q)n cross section ILt680

MeV/c is * lmb. Furthermore, the momentum mismatch in the a He(x-, q)t reaction is

mere severe tlmn in the ‘He(x-, X“)t reaction. Therefore, it appeara that the observed

s He(x, q)t cross sections are larger than expected from simple considerations.

Theoretical ~tucliea on the ‘H~(x, q)treaction have been carried out using Distorted

Wave Impulse Approximation (DWIA). Then N ~ qlV and q~ + q~ ampiitudea used in

the U WIA csiculatiocs were obtained from an off-shell model (OSM) 1B in which reactions

proceed by the formation of N* isobars. The parameters in this model were determmed

from the xIV phaee shift alone emd the existing x ‘p --o q~ cross sections near threshold

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 curva in Fit, 5, The DWIA predicts a diffractive shap~ for the angular

distribution which has a minimum near 0 s 80°, The observed cross sections at the

backwd angles are greater than the prediction by a factor of 2-4.

To make a more detailed ccmparixm betw6?n the data and theory, it in clearly de-

sirable to measure the ‘ffe(~, q)t croon secticms at forward anglee, ‘l’his requires detecting

q mesons directly and is the next subject ws will discuss.
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b. Subthreshold production of the ‘Hc(z, q)t reaction

The LAMPF X“ spectrometers% designed to measure X“ mesons with reasonably

good energy resolution and solid angle acceptance, was used in this experiment to detect

the q + 27 decays. In order to understand the characteristics of this spectrometer, we

first memmred them ‘p + On reaction. Figure 6 shows the histogram of the invariant mass

calculated with the expression m = 2(E1 Ea) liasin(#/2), where El, Ea are the meemre

energies of the two photonti and # is the opening angle b?tween them. The q peak shows

up very c!early in the invariant mass plot. The q energ;’ resolution is z 10McV, which

is mainly due to the beam (AE = 7MeV) and the target thickness.

The invariant mam plot for the x- + ‘He reaction at 680 MeV/c is shown in Fig.

7. Once again, the q events are well i~ *ntified in the mase plot. Figuro 8 shows the

preliminary excitation energy spectra of the *He(T-, q) reaction measured at three pion

beam momenta, At 680 MeV, which is near the free p(m-, q)n threshold, the ‘Ife(~, q)t

reaction appears as a shoul.’.er of the quaai-free ‘He(x, q) 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 ‘Me(x, q)i reaction and below the thresh-

old of any other ‘He(x, q) channels, the ‘He(x, q)t reaction is unambiguously detected.

It is intriguing that the subthreahohi (x, q) reaction has such em appreciable crcm sec-

tions, Several efforta2*’24 to calculate the (x, q) cross section cm nuclei ~re underway, In

a’ by Liu describwi the shape of the ‘He(x, q)t angularparticular, a DWIA calculation

distribution rather well, but underestirnata the magnitude by a factor of ~ 2.
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Fig. 7. Invariant m- spectra for the 27 detected in the x- +s He reaction at 6Q0
MeV/c.

c. (7r+, q) inclusive cross sections

Figure 9 shows the energy-integrated (z+, q) inclusive cross sections on a number

of nuclei measured at three pion momenta. In an attempt to understand the observed

mrwa dependence of the (m+, q) inclusive cross sections, we use a version of the Glauber

theory developed by Kolbig and Margolis, ‘s ID this model, the inc Iusive cross section

is proportional to the effective nucleon number lVcff. The ingredients for calculating

Nejf are the nucleon density distribution, the hadron-nucleon tc al croae sections for

the incident and the outgoing particles, The only unknown input in this calculation is

the total cross mction for qN, The various curves on Fig. 9 correspond to calculations

using wdues of u(q N). A good description of the mass dependence at all beam momenta

is obtained with cr(q~) = 15rnb. The extracted qN total cross section is rather sma!l

compared to the z N total cross section of 34 mb at this energy. This is in qualitative

agreement with the theoretical expectationl” that qN interaction is weaker than the XN

interaction.

It is interesting to note that in the additive quark model,ao the qiV total cross

section is related to the xIV and KN total cross section as

Figure 10 shows that the prediction of the additive quark model is in rather gwd agree-

ment with the data, most of which were obtained at much higher energies. For the sake

of comparison, urN is also shown in Fig. 10, The qN total cross sections are clearly lcwer

than the XN total cross eections over a wide energy range.
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\’ery ret ently, we have made more measurements on the (w, q) reaction using the

eta-spectrometer, The sta-spectrometer is very similar to the LAN4PF #o-spectrometer,

However, BGO and NaI crystalo, rather than lead glare, were used for the converters

and ehower detectors, The data obtained with the eta-spectrometer are currently being

analysed.

In eummary, the (x*, rj) reactions have been meaeured on several nuclei nem and

below the free t hreohold. The energy resolutions achieved in theme e> periments were

mdiiciently good that a discrete nuclear et nte e observed in the s He(x -, q)t reaction.

Improved beam quality (AE -1 MeV) would be required for observing discrete otatea in

heavy nuclei. From the maea dependence of the (x t, q) inclusiv~ crooa sections, we have

extracted the qN total cram section at threshold energies, The result, a(q N) < U(X N), is

consistent with the prediction of additive quark model. The (7,q)and (p, q) reactione on
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nuclear tugets Me aleo of intermt and severml experimental propoaab to me~ure these

reactions already exist. it would also be m~t interesting to etudy the production of other

mwive mesons (p, w, u, q’, etc. ) in nuclei with more energetic pion beamn.

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

The major ph,wicn motivation for measuring she (x+, K+) reactim in nuclei b to

study hypernuclei, For more than s decade, the (X-, x) reaction haa hem the most im-

portut tool ‘7 to prociuce hypernuclei. Lo this strangeneaa-exchange reaction, the strange

quark b brought in by the kaon beam and subwquently transferred to the target nu-

cleus to form ● hypernucleus. The meager kaon flux available in existing accelerators

h~ limited the umfulneea of tLe (K-,x) reaction, lo particular, high--pin hypemuclear

stataa, which are expected to be weakly populated in the (K-,x) re~tion, h~ve never

been identihcl.

It ie cleax that hypemuclei can be produced by reactions other than the (K-, x).

Th= reutiom um.mlly fall into the cstegory of ueoriatad productions, in which n pair of

a snd # quuks ue produced, Exunples of such associated produc$ione we the (x+, H+),

(p, K+), (7, If+) and the ($, ~) reactions. In particular, Dover, Ludeking and Walkeris

invmtigated the tlmoreticd upts of the (x+, K+) reaction u a spectrwopic tool for

hypemuclear phyaicn. The tit (x+, K+) experiments, pro- by Thimn,ie wea

perfommd mt the AGS s.x.elerator in 1983, The fewibility of thn (x+, K+) reactim for

hypernucle~ spectrcweopy wu cleuly demonstrated in this flr,t (r+, K+ ) experiment,

in which the lSC(W+, K+) reartiom leading to the ~iC(g.#l ud ~*C(2+) statee were

ununbiguouely identtied, so

The shable crw ~tion observed in the 13C(n +, .Y+j ~lC(p.s, ) transition cug-

guted that deeply bound A-hypernuclew ststa (including th~ grousd ~tate) cmn be fa-

vormble ~tudied by the (x+, Jf+) remction. A systematic invetig~tion of such deeply

bound bypernucleu ~tsta is of grest interast for two reasons, First, tho existing in!or-

rrmtion on the A-hypernuclou binding energy, deduced from emulsion datt, wu red ricted

to only light nucl~i (A < 16),s1 Experirn.nt~l dats on tha binding en.rgim of medium

m.nd heavy Lypernuclei ue crucial for dotirmining tho A-binding snergy in nuclesr mat-

ter. Second, it wu suggestd ‘i that tho up and down qusrko constituent of h A-particle

deeply bound inside the nuclei may experienc~ tho Pcndi rupulqion gowwatd by the sur-

rounding nuclmns. Thh conjmtured putid-deconhnernw~ o; .~-~lwticlo inside nuclei

could Id to unueud behsvior in the binding .n.rgim of SUCb :~ates. The ptentid of

the (x+, K+) rmction for studying heavy hypornuclei prompted two uow axperimentd

prop-dn ●t .AGSS8 and ●t KEK. S4 b auly 1987, the AGS (x+, K+) ●xperiment WM

mxceufully performed In the follcwing, w, will praent th. prelim.inuy reeults of thio



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

Target Thicknem Run time x+ inteneity

(gin/cm’) (hrs) (l/see)
=

‘Be 2.35 27 2 x 108

lac 2-4 13.5 2 Y 106, 1 x 10’

lSC 2.0 23 1 x 10’

M(’J 3.0 434 2 x 106

98si 4.03 73.3 2 Y lo”

40(-a 4.03 109.5 2 x 106, 1 x 10’

clv 2.89 23 1 x 107

oQy 4,0s 88 1 x 107

new (x+, E+) experiment.

The (x+, K+) experiment wru performed at the Low Energ} Separated Beam at

AGS ueing the hypernucloar spectrometer “Moby-Dick.” The beam momentum wae

choeen ●t 1050 MeV/c, which is new the peak of the n(r+, K+)A elementary croea

section. All meuuremente were made with tbs kaon spectrometer situcted ●t OM = 10°.

The (x+, K+) rnpectra were obtuned on ‘Be, 12C, 18C, 100, “Si, ‘°Ca, ‘iv, and ‘OY.

Relatively high inteui~y picn flux up to 10’ per beam spill wu und in this experiment.

‘Ihble IV lists the pertinent information concerning moesurements on various nuclear

tugets.

Figuro 11(a) Ann the ‘i C(x+, K+) m}ectromaneured k our ●xperiment ueicg MI

activ. ecmtillator target. The [~i~):i (81/S)A] 1- ground stat~ md [(Ps/s)x 1 (Ps/t~A] 2+

state of ~’C stand out clearly ●bove the quui-frea background, Since a bound A-nuclear

state eventurdly decayo by releeeing cousider~ble amount of energy, one expect~ to dis-

criminate tb~ hypernucleu stataa fkom the quasi-free background by ●xamining the energy

depoeit in the active target, Figure 1l(b) ehowm that the quaei-free background ia indeed

significantly reduced when ● large energy depoeit in the target ia rquired.

The (x+, K+) cpectra obtained on tha ‘8Si and OOYtugets are -hOwn in Figs. 12-

13. The remarkably low ●xperimental background allowed us to oboerve transition with

croaa sections u low u 0,1 pb/sr. Indeed we have good evidenco that the ~“St’ and ~eY

ground ●tatea are populated in the (x+, K+ ) reaction, In addition to the ground sttte,
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Fig. 11, 12C(X’, K~)~YC opectra measured at 10!50 MeV/c and d~.b = 10°, QuMifrec
background is suppressed in (b) which requires large energy deposited in the active target,

other peaka are obeerved in the spectra, Thoao peah are tentatively identified aa variou~

neutron-hoIe lambda-particle states, The tentative shell model configuration for thcee

ntatee we shown in Figs, 12-13, The large momentu,n transfer occurring in the (n +, h’ 4 )

reaction makeo it impoanible to determine th~ spin of hypernucleer states excited in thin

reaction, Fortunately, it was shown ‘0)s8 that the magnitude of the “C(m+, K+)j’c crom

sections can be well described by I)WIA calculations, It io therefme very important to
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“Si(x+, K+)~’Si spectrum measured at 1050 MeV/c and 01~$= 10°.

per[orm DWL4 calculations for the nuclei studied in the present experiment. Preliminary

resultase give good agreement between the experiment and theory is obtained, supporting

our msignments of the configurations of vuious pods in Figs. 12-IJ.

In Fig. 14 we plot the binding ener~ ieo of the ground etate* obeerved in the present

(n+, K’) experiment aa a function of A ‘*/a, where A is the maaa number of the targst,

Since the A-hypernuclear ground otate corresponds to a A-partic18 occupying an 01J2

orbital, the binding energy for a A-particle in a uquare-well potential with conetant depth

is proportional to A-y/*. Figure 14 shows that this simple prescription dcscriben the

binding energy data vwy well, It io clear that one can use more realiatic shape, such M

Woods-Saxon, for the A-nucleuo potential. Dovar and Millerrer ohowed that a Woo&

Saxon potential with a depth of 29,34 MeV can describe very wells’ the bindins energica

not only for the 4111 A-orbital but also for ~he p, d and / A-orbitaln, The tucceaa of the

shell model to describe the A binding energies in heavy nuclei tends to support the view

that A particle mtintains it~ identity deeply innide the nuclei. However, it k probably

unrwumnable to expect large effe~ta caumed by poneible partial .deconflnement of A, and it

io important to further improve the accuracy (such aa the energy resolution) for a more
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Fig. 13. ‘“Y(rr+, K+)~Y spectrum measured at 1050 MeV/c and 61.} = 10°,

sensitive search of such effects, We refer to the paper by Dovers’ for a more detailed

discussion on this subject,

In summary, the recent (n +, K +) results from AGS clearly demonstrated the uM-

fulncm of this reaction for investigating hypernuclear physics, It would be interesting in

the future to measure the p(rr”+,K+) reaction on even heavier nuclei such aa 200Pb, Fur-

thermore, one can explore the feasibility of the (m+, K+ ~) coincidence experiment aa a

tool for high-resolution hypernucleti spectroscopy, Finally, the (rr -, K +)E - elementary

process could be considered as a meanrr for p:oducing LLhypernuclei. We conclude this

paper by cmphaaizing that medium energy pion beama (0.6 GoV/c c P= <2 GeV/c)

offer great opportunity for future advances in medium unergy nuclear physics,
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