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ABSTRACT

_, We discuss the spectrum of physics questions related to strangeness
i

which could be addressed with intense beams of protons and pions in the

| few GeV region. We focus on various aspects of strangeness production,
including hyperon production in pp collisions, studies of hyperon-nucleon

| scattering, production of hypernuclei in proton and pion-nucleus collisions,

and spin phenomena in hypernuclei.
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1. Introduction and Motivation 0 S T !

Nucleon-nucleon (NN) interactions in the multi-GeV energy range produce a number

of final states. Most often pions are produced, but also strange particles emerge from such

collisions, for instance A, E or =. baryons, or kaons (K +, EL, Ks). In the present talk,

we emphasize the various aspects of the strangeness production mechanism, as well as the

study of secondary hyperon-nucleon collisions as a means of shedding light on the SU(3)

structure of baryon-baryon interactions. We also consider the production of hypernuclei

(A bound to a nuclear core) in proton-nucleus (pA) collisions, and via the (Tr, K) associated

production reaction.

This paper is organized as follows: In Section 2, we review the existing data on

strangeness production in pp collisions, focusing on the ApK + and ENK + final states.

In Section 3, the status of our knowledge of low energy hyperon-nucleon (YN) scattering

is reviewed, with an emphasis on the spin dependence of the interaction and tests of SU(3)

symmetry. The formation of hyperfragments (AA) in pA collisions is examined in Section

4. Some comments on hypernuclear production with pion beams is given in Section 5,

emphasizing polarization phenomena.
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2. Strangeness Production in pp Collisions'

The lowest-lying threshold for strangeness production in pp collisions corresponds to

a lab momentum PL = 2.34 GeV/c for the reaction pp --+ ApK +. As PL rises above

threshold, the total cross section for the pp --+ ApK + reaction first rises rapidly, attains a

peak of 50-60 #b nem" 5-6 GeV/c, and then drops off slowly. The inclusive cross section

for A production, on the other hand, continues to rise, attaining values of 4-5 mb above

100 GeV/c, roughly 10% of the pp total cross section. This behavior is shown in Fig. 1,

taken from Baldini e* al. [1]. As the energy increases, the three-body ApK + final state

represents a smaller and smaller part of the total A production. For instance, we have

a (pp--_ ApK +) ( 0.04 (12 GeV/c)a(pp----+ AX) "_ . 0.02 (24 GeV/c) (1)

The th:cee--body K+Ap and K+EN final states are of particular interest, since one can

make a reasonable attempt to calculate these cross sections theoretically. The data on

these processes [2,3] in the few GeV region are displayed in Figs. 2 and 3. In this medium

energy regime, it is still reasonable to describe the reaction mechanism in terms of meson

exchanges, as depicted in Fig. 4. Calculations of this type have been carried out by Laget

_'=j '[i_]__el'_loff [4]; the latter results are questionable, since a fit is only obtained with

, gKN^2 ,(<_gKN_2, whereas there are numerous indications from other data that the KNA

....Coupling constant gKN^ is much stronger than that for ggsn" For instance, from analyses

of KN disperson relations, Baillon et al. [5] give gKN^2= 0.8 :t=3.2, g_g_. ----..91.3 + 3.7. A

somewhat larger ratio of E/A couplings was extracted from data on A and. E production in

:_ = 1, 2 = 14,K-p interactions [6]. Laget [2] uses reasonable coupling constaz, ts gKcvn g_c_^

in agreement with values obtained from studies of hyperon-nucleon scattering [7] and

kaon photoproduction reactions [8].

The Saturne data [3] shown in Fig. 3 display characteristic enhancements just above

the Ap and EN thresholds at an invariant mass of W = 2.053 GeV/c 2 and 2.131 GeV/c 2,

respectively. This is due to the strong s-wave YN attraction, i.e. the final state interaction

amplitude t in Fig. 4. The pion exchange graph dominates the pp ---, K+P,N reactions (see

Fig. 2), but the kaon exchange mechanism is more important for the K+Ap channel. The

direct "kaon emission graph (bottom of Fig. 4) plays a key r61e in reproducing the structure ":.:

which appears at the EN threshold, which also depends sensitively on the strong coupling

of the Ap and EN channels. '

Note that the relative phase between the zr and K exchange amplitudes is not fixed

£ priori. Laget [2] has chosen the sign which gives the maximum additive effect on the

cross sections. Further data, particularly on spin observables, are needed in order to check

this relative phase and also other dynamical aspects of the model (the diagonal and non-

diagonal YN _ Y_N couplings, for instance). Such data could be obtained with high

luminosity proton beams. Some predictions for spin observables are shown in the bottom

half of Fig. 3.
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Figure 1: Total cross sections for inclusive A production and the three-
body final state ApK + in pp collisions, as a function of lab momentum PL,
from Baldini ef al. [1]. A few typical error bars are shown; the solid curves

represent numerical fits to the data.

The meson exchange picture with KAN-K_N coupled channels certainly makes sense

in the region near threshold. As we pass to higher energies, one might ask where such a
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Figure 2: Total cross sections for the reactions pp -i ApK + and E°pK +,
as a function of proton lab kinetic energy in _r_. The dashed line represents
the contribution of the pion exchange graph (see Fig. 4), while the solid
and dash-dot lines include kaon exchange with two different values of the
cutoff mass in the form factor for the meson-baryon vertex; from Laget

[2].

picture breaks down, since many other reaction channels open up. The thresholds for some

of these are given in Table 1.

Even though many other channels come into play above 3 GeV/c, the simple meson

exchange picture works well at least up to Tp = 6 GeV, as shown in Fig. 2. A key ingrcdient
in this success is the proper treatment of the energy dependence of the elastic AN _ AN

and EN _ EN t-matrices which appear in Fig. 4. Although many channels may be

energetically accessible, their effect appears only as an absorptive correction, i.e. channels
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Figure 3: Top: Missing mass spectrum for the pp ---,K+YN reaction at
/rp = 2.3 GeV. The K + is measured at an angle/gK = 10°, and W is the
invariant mass of the recoiling Y N system. The data axe from Fi-ascaxia
e_ al. [3] and the theoretical curves are from Lager [2]. Va_"ious meson
exchange contributions are indicated; the solid curve includes direct kaon
emission. Bottom: Predictions [2] for the beam asymmetry A u at 2.3
GeV. The solid curve represents the full calculation, including both pion
and kaon exchange. The scale is the invariant mass W of the hyperon-
nucleon system.
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Figure 4: Meson exchange processes which contribute to the pp _ YNK +
reaction. The oval labeled t stands for the YN scattering amplitude. The
bottom graph represents the "direct" kaon emission, which represems a
substantial contribution (see Fig. 3).

like YN --+ YNTr are included in terms of the inelasticities _ of the elastic partial wave

amplitudes.

The further study of the pp --+ K+YN reactions, in particular the spin observables,

is well worthwhi]e. Such experiments have been proposed at SATURNE and COSY. The

spin information would provide strong constraints for theoretical models.
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Table 1: Threshold lab momenta PL and lab kinetic energy Tp for various
final channels produced in pp collisions.

ch= e, % iGev)
i il i i i

AK+p 2.34 1.582

E°K+p 2.57 1.794

AK+pTr ° 2.74 1.958

E°K+pTr° 2.97 2.174

E°(1385)K+p 3.15 2.35

A(1405)K+p 3.22 2.413

AK+A(1232) 3.24 2.436
.....

3. Hyperon-Nucleon Scattering: Spin Observables and SU(3)

The pp _ K+YX reaction, with K + detection for tagging, leads to the production of

hyperons Y, which can then be scattered from a secondary proton or nuclear target, in

order to study the YN interaction. In this section, we indicate the physics justific_ttion

for such a program.

The existing information on hyperon-nucleon scattering is very sparse. Essentially ali

i the low-lying total cross section data is collected in Fig. 5, taken from [9]. Comp_ed
| to the NN data, the error bars for YN are rather large, and data exist only in a limited

_" momentum range. There axe also data on differential cross sections. Even at low momenta

(160-170 MeV/c), the angular distributions are not isotropic, indicating a significant lp

wave contribution.

The solid curves in Fig. 5 correspond to best fits in a meson exchange model for

baryon-baryon scattering. The particular model shown here, due to the Nijmegen group

[7], employs the exchange of nonets of mesons, namely

with a hard core cutoff at short distances. A more recent Nijmegen potential model, due

to Maessen et al. [10], uses soft core form factors. Similar models have recently been

developed by the Bonn group [11].

In the Nijmegen models [7,10], SU(3) symmetry is used to relate the coupling constants

for hyperons and nucleons. For example, the coupling constants for the pseudoscalar octet

{lr, 778, K } axe given by

(1 + 2o_ps )

gn_.s = (4aps - 1)/vr3, gaNK = V/_ , g_.t¢_ = 1 -- 2ags,

2(1 -aps)

gr.r,. = 2aps, gsa. = gs=.8 = -g^^,_ = x/3 (3)
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Figure 5: Total cross sections for NN and YN scattering, as a function
of lab momentum PL, from Ref. 9. The solid curves are potential model

fits of the Nijmegen group (Model D, ref. [7]).

in units of gNN,r' where aps is the pseudoscalar F/D ratio. An angle Ops describes the

octet (r/s)-singlet (77].)mixing. In the Nijmegen models, aps is adjusted to achieve a best

fit to the data (aps = 0.485 in [7]; aps = 0.355 in [10]). In the Bonn model [11], the

SU(6) value otps = 2/5 is picked. A unique aps cannot be determined from the baryon-

baryon data, since its optimum value is intertwined with the parametrization of the short

range potential. In SU(6), we predict the ratio

g2 1
nNtc = __ (4)

g2_K 27

This very strong suppression of the _NK vertex is not seen in various production ex-

periments, where _/A ratios of order 1/2 are measured [6]. These larger ratios can be

accommodated in SU(3) with a choice aps _- 0.3, but are at odds with SU(6). Thus the

imposition of an SU(f) constraint on meson-baryon couplings does not appear well mo-

tivated, even though one can achieve a good fit by using a flexible multi-parameter h_rm

for the short range cutoffs.

fl lint ,,, ,, , m,_ , ,l .... ' Iii ,,,rr,
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The fits to baryon-baryon scattering are driven by the high precision NN data. The

Y N data by themselves can be reproduced with a wide range of models, including simple

one or two term separable potentials, which have no theoretical motivation. From the data

of Fig. 5, we note that the charge exchange cross sections (E-p _ E°n, An), which require

isovector meson exchange, are of the same order as E-p or E+p elastic scattering. Thus it is

clear from the data that the EN potential must have a strong isospin ({r.-_N ) dependence,

which is naturally generated by lr and p exchange. The degree of spin dependence is not

so clear, since only spin averaged cross sections have been measured. In fact, the various

models predict quite different spin dependences. For instance, Nijmegen Models D and F

have

i a('S0)-- (5)
_l for the AN singlet and triplet scattering lengths, whereas the soft core model [10] suggests
IJ, a significant spin dependence:

a (1S0) __ fm, (6)
_ 2 _ 8 a (381) _-1.4 fm

Further, the models predict a strong spin dependence for EN reactions. For instance,

Models D, F [7] at low energies lead to

3S1 dominance for E-p--* E-p, An

IS0 domirance for E+p _ E+p (7)

Different models which give equivalent fits to spin-averaged cross sections predict signifi-

cantly different spin separated cross sections a0(1S0) and a1(3S1). Thus the main motiva-

tion of future experiments on YN scattering is to measure spin observables. The simplest

of these is the elastic polarization P(O), which is sensitive to the baryon-baryon spin-orbit

couplings. Note that for YN interactions, there exist both symmetric [(_y + KN)" /],]

and antisymmetric [(_Ty - _TN)'/_] spin--orbit terms, whereas for the NN system the an-

tisymmetric coupling drops out because of the requirements of the Pauli principle. From

A-hypernuclear spectra, there is evidence [12] that the one-body A-nucleus spin-orbit

strength V_s is very small compared to the value VLNSfor a nucleon. Polarization data on

Ap scattering would be invaluable in clarifying the relation between the two-body AN and

many-body A-nucleus spin-orbit potentials. With respect to experiments with protons in

the few GeV region, some questions to consider are: i) Can we make use of the polarization

of the A's from the primary pp _ K+Ap reaction?; ii) Is it necessary to tag A production

by detecting the K+?; iii) What are the virtues/disadvantages of a polarized proton target

for Ap studies?.

Another issue pertaining to hyperon-nucleon scattering studies is the degree to which

SU(3) symmetry is broken. In the SU(3) limit, we can write the baryon-baryon scattering

amplitude as

T = a + bF 2 + cG 3 (8)
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in terms of the quadratic (F 2) and cubic (G 3) Casimir operators of SU(3). Here {a, b, c}

are functions of spin, energy and momentum transfer. An amplitude of the form [8] implies

the following cross section relations [9]:

ao (E+p -"*E+P) = ao (np ---*rtp) (ga)
1

ao (r_-p -_ An) = 5 ao (r_-p -_ Z°n) (9b)

1[ 5 (r_-p _0._)]ao(Ap_ Ap)='_ 5ao(E+P_ E+P) +ao(E-P_ E-P)-sa°

al (Ap--,hp)=
(9d)

It is understood that these relations apply after differences in kinematical phase space

factors are removed [9]. In potential models, SU(3) is, broken not only by baryon mass

differences, but also by those of the exchanged mesons. Since the Tr,77and K masses are

very different, one might expect SU(3) breaking effects to be huge. However, the SU(3)

relations are predicted [9] to be satisfied at the 30% level in the Nijmegen potential model.

In order to verify the SU(3) relations of Eq. (9), spin separated cross sections %,1 are

required. This provides motivation for AN and EN scattering experiments with polarized

hyperon beams or a polarized hydrogen target (or both).

4. Production of Hypernuclei with Proton Beams

Most hypernuclear research has been done with kaon (K-) and pion (Tr+) beams [121.

Some of the basic reactions for A and E production are

K-n _ 7r-A (10a)

_r+n _ K +A (10b)

K-p _ 7r+E- (10c)..

The process (10a) involves small momentum transfer q at small angles, so a slow A is

produced which readily sticks to a nuclear core, yielding a bound hypernucleus AA. Reac-

tion (10b) involves q >_PF, even at small angles, and thus tends to populate hypernuclear

states of the highest available spin [13]. The reaction (10c) produces _3hyperons, which

also experience attractive forces capable of binding them to a nuclear core. Due to the

strong conversion EN _ AN, E states are generally expected to be broad, although spe-
cific mechanisms have been proposed which may suppress their width to values F < 5
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MeV, where they become observable as quasiparticle excitations [14]. The existence of E

hypernuclei remains controversial.

, Progress in hypernuclear structure physics requires experiments of much higher energy

" resolution than currently available (AE __ 3 - 5 MEV). Such experiments are eventually
|

planned at CEBAF, where the process
!

7P _ K+A (11)

will be used with virtual or real photons. The kinematics of the electroproduction reaction

(11) is similar to (10b), but (7, K +) has a large spin flip amplitude, whereas (Tr+,/(+)

does not (at small angles). Thus different hypernuclear states axe preferentially populated

:: in (7, K +) and (rr+, K +) reactions; see [15] for a detailed discussion. Future prospects for

high resolution hypernuclear structure studies have been discussed at a previous workshop

I [16].

Meson beams the method of choice for the of
photon exploringor axe properties hy-

. pernuclei, but it is also possible to produce hyperfragments with proton beams, and this

method merits further study. The basic process is pN ---, KAN, followed by the sticking

of the A or AN to a nuclear fragment. Reactions to consider axe

p+ Ag ---*AA'z , + X (12a)

p+ Ay, --+ K + + p_ + AAz_I (12b)

p+ AZ --_ K + + A(A + 1) Z (12c)

Since the A is generally produced with a sizeable momentum in the lab frame, she sticking

probability is always small. In (12a), the hypernucleus is detected through the weak

decay A --, p_r-. The experimental data on hypernucle_r yields in pA and 7r-A collisions

have been reviewed by Lyukov [17]. Some results are shown in Fig. 6. The yield of

hyperfragments in pA interactions does not exceed 2 x 10 -3 or so, with a broad maximum

centered around 50 GeV/c. The frequency of observed mesonic decays is an order of

magnitude smaller (1 - 3 x 10 -4 from 10-50 GeV/c). The charge distribution of observed

hyperfragments is centered around Z = 2, and decreases rapidly for Z > 3. Thus only

rather light fragments are observed by this method; in heavier hypernuclei, the dominant

weak decay mode is non-mesonic (AN --4 NN), since the A --+ pr- mode is Pauli blocked.

The solid curves in Fig. 6 7_present theoretical expectations based on a simple coales-

cence model [17], in which the bound hypernucleus is formed only when the A is produced

with a small momentum relative to the nuclear core. Although the coalescence picture

leads to the con'ect order of magnitude for the hyperfragrnent yield, the existing data are

not precise enough to test the detailed form of the predicted energy dependence.

The reactions (12b) and (12c) involve a large momentum transfer (defined as PL- PK+

for a K + at 0°). The three-body final state of (12b) will have a larger cross section than

that for the two-body channel (12c), since the momentum transfer is shared between the

.............. , ........ r , ',, ' II.... , .... , - , , ,,,, ,llql r..... I' li/
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Figure 6: In a) we show the measured yields fHF in units of 10-3, for
hyperfragments obtained in lr- or p-nucleus collisions, as a function of
the incident particle momentum Po. Theoretical expectations are shown
as the solid curves Yf- and Yp. Circles refer to pA and crosses to 7r-A
interactions. La b), we indicate the frequency of observation fMHF (in
units 10-4) of mesic decays (A _ pr-) of hyperfragments. The plot is
taken from Lyukov [17]. ..

K + and p'. However, in (12b), one must detect both the K + and p_ in order to construct

the missing mass spectrum for the hypernucleus, so the advantage in cross section is lost.

Recently, there have been experiments at Saturne, due to Boivin e_ al. [18], to search for

the two-body reactions

,, - 311,, ---, T(+ -_,_He (13a)
_t_ I """" - - ' _.-

p + 4He -._/t "+ + _He (13b)

............... ii, , ,'p,' li 1 iii ,ii iN ....... i ' i_i i i , ,
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at a proton kinetic energy of 2.1 GeV and a kaon lab angle OK+ "- 7 °. The momentum

transfer here is about 500 MeV/c and the missing mass resolution is 1.5 MeV. From other

data, _He is known to have a 0+ ground state and a bound 1+ excited state at 1.1 MeV;

_He has a single 1/2 + bound state. No clear signal of bound state formation was observed,

leading to upper lir';ts

< (14)1.7 for(135)

The observed limits (14) are within the range of theoretical estimates [19,20]. Because the

momentum transfer is large, the r61e of short range correlations is extremely important.

| Such correlations enhance the high momentum components in the single particle momen-
4'

! turn distribution of the target nucleus, and greatly increase the cross section above the

| value obtained with uncorrelated Gaussian wave functions. With correlations, Shinmura
!

[19] predicts ,,_ 2 hb/sr for reaction (135) at small angles, comparable to the observed

limits (14). This prediction is very model dependent, however.

The message here is the following: the (p, K +) reaction is a good probe of the reaction

mechanism for hypernuclear production in high momentum transfer processes. However,

the cross sections are very small (<_ 1-2 nb/sr) near 2 GeV and one is unlikely to attain

a sufficiently high energy resolution to perform detailed spectroscopic studies. A more

promising direction of research is the study of the strangeness production mechanism itself

in proton-nucleus collisions. Some data [21,22] at 10 GeV indicate that the production

of high energy K + and K- mesons in pA collisions is described by the same structure

function f of the nucleus as the production of other particles. This universality, observed

for K- mesons which consist only of sea quarks (sri), may indicate [22] that the nucleus

contains a hard quark-antiquark sea differing from the soft sea present in the nucleon.

5. Hypernuclear Physics with Pion Beams: Polarization Phenomena

The (Ir+,K +) reaction on nuclear targets has enormous potential for studies of hy-

pernuclear structure [12,13,16]. Pion beams near 1 GeV/c are optimal, with a premium

on intensity for high resolution studies. In the momentum range 1-1.2 Gev/c, we strad-

dle the peak of the cross section for the elementary process lr+n _ K+A, by which a

neutron is converted into a A hyperon, which can then bind to a nuclear core to produce

a hypernucleus of strangeness S = -1. The formation of the hypernucleus is tagged by

the detection of the strange K + meson. A high _r+ intensity would enable us to per-

form coincidence experiments involving strong, electromagnetic or weak decays of various

hypemuc!e_r sta:tes. Since the (_r+, K +) reaction at finite angles can produce significant

_1 hypernuclear polarization, weak decay studies would further elucidate the properties of
' ' II '' _[ I I Ill _' ........... _ ..... '.......... '_! ' "NI' ' ' "' ' III'II' ' '
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the nucleon-catalyzed A weak decay amplitudes,' i.e. AN _ NN. Studies of 7 decays of

hypernuclear excited states provide us with precise information on the spin dependence of

the effective lambda-nucleon (AN) interaction in the nuclear medium. High energy resolu-

tion (_r+, K +) experiments (_ 200 kev resolution is desirable) can directly resolve the fine

structure of the hypernuclear spectrum in favorable cases. Thus far only coarse resolution

(typically 3 MeV) hypernuclear experiments have been possible. The first (Tr+,K +) ex-

periments at the Brookhaven AGS and KEK [23] have served to clarify the single particle

properties of the A, i.e., the properties of the A-nucleus mean field [24]. To approach

the level of precision of non-strange nuclear spectroscopy, a high resolution capability is

clearly necessary.

At non-zero angles, the (Tr+, K +) reaction can be used to produce polarized hypernu-

clei. [25-27] In the elementary pseudoscalar meson-baryon process, the amplitude t aald

the A polarization PA are of the form

t =f + ig_.

PA =2Ira (rg*) / (Iri 2 + ]gl2) (15)

where (_ is the baryon spin and Ft is the normal to the scattering plane. In the regime

of p_ _ 1 - 1.1 GeV/c, PA is quite substantial for Oi _> 5°. This offers the attractive

possibility of producing polarized hypernuclear states. As we shall see, the polarization

varies in an interesting way, depending on the quantum numbers of the initial and final

states. There is also an interplay between two sources of hypernuclear polarization [26],

namely the f-g interference in the elementary amplitude and the effects of meson distortion

in the medium, i.e., the difference between the absorption experienced by mesons passing

on the near-side or far-side of the nucleus.

Consider a transition ./iM, _ J/MI, induced by the (Tr+,K +) reaction. The matrix

element is

a )
E U_ (k)5 (3) (F'- a)[f + igek" a I IJ,:.Mi (16)
k=l

where X(i) axe meson distorted waves, and U_ is the U-spin lowering operator which

generates the n --, A transition. The cross section is proportional to EM l [M(MI)[ 2,

while the polarization Pl of the hypernucleax state ]JI) is defined as

1

PI =-_I E MIP (MI ")
M I

P (MI) = E lM (JiM_; JcM/)12/ E lM (J_Mi; JIM/)]2 (17)

-- | Mi M._ M I

I
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The polarization Pl is a measure of the population asymmetry with respect to the reaction

plane.

Fc_; the special case of a Ji = 0 target and a pure particle-hole hypernuelear state, the

polarization assumes a simple analytic form. For example, consider the configurations in

[ ,]AP1/2 ® hP;/2 1+ +2 '22

For the I- ground state of ])_C, we have

Pl- -(PPw + PA) / (1 + PPWPA)

PPW =-4Im[fg*]/(41fl 2+ ]g]2) (19)

PA = -- 2V'_ Im [I* (0) I (1)]/(IZ (o)12+ 21_r(1)12)

| where

x(m)= (CAIIjlm II¢.) (20)

I and ._m is obtained by expanding the product X(-)X (+) in partial [26]; in PWA,
waves

I 31m reduces to jl(qr)_mo, and Pl" = PPW. Meson absorption effects provide the physical

origin of PA. In most cases, particularly for OL <_ 15°, the influence of PA is relatively

minor, and we have P ._ PPW. In plane wave approximation (PWA), one obtains simple

analytic formulae for the polarization. For instance, for the 1- ground state of 1AC, we
have

Pl- = -4Ira [fg*]/(41fl 2+ Igl2) _ _PA (21)2

for small 9/;, since here [g[2 << [f[2. The cross sections for the unnatural parity states

peak in the vicinity of 0/; _ 15°, at the 0.5 - 1 #b/sr level for 2- and 3+. In this angular

region, the 1- and 2+ cross sections have dropped to the 5 #b/sr level, so a high resolution

experiment could probably separate the 3+ and 2+ levels, thus providing information on

the spin dependence of the AN interaction.

The polarization expected for unnatural parity states is negligible. However, for the

natural parity 1- and 2+ states, P is very substantial near OL = 15°, where the cross

section is still large enough to be measurable. When configuration mixing of the 2+

and 2+ states is included, the polarization pattern could be strongly modified. Thus

polarization measurements offer another promising spectroscopic tool for pinning down

the AN interaction.

Ejiri et al. [25,27] have shown that polarized hypernuclear states may be populated

through nucleon and 7 decays of highly excited compound systems. Polarized hypernuclei

' ........ ' Iv .... _, rlr qll...... II[I........ rl ............ rl...... ITI' "rf'
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are particularly useful when combined with coincidence measurements of decay particles.

For instance, the asymmetry of weak decay pions [28] provides information on hypernuclear

structure and pion distortions inside the nucleus. A polarized hypernucleus could also be

used to obtain a measurement of the A magnetic moment in a hypernucleus. Finally,

we note that the angular distribution of nucleons from the non-mesonic weak decay of a

polarized hypernucleus reveals interference terms between parity-conserving and parity-

violating weak amplitudes.

If a polarized hypernucleus decays, the angular distribution of the nucleon has the form

W (0) = Ao + AIPAP] (cosO) (22)

where PA is the polarization of the A and AI is given by an interference of parity-conserving

3S1 _ 3S1- 3D1 and parity-violating 3S1 _ 3pi amplitudes for the AN ---, NN weak

process. The first measurements of such weak decay angular distributions were recently

performed at KEK by Ejiri and his collaborators [29]. Because of the rather coarse energy

resolution, however, one cannot make detained comparisons with theoretical expectations.

6. Final Remarks

What contribution could a few GeV cooled proton facility make to strange particle

physics? The key word in this discussion is SPIN. In the elementary production processes

pp ---+KAN, KEN, KY*N, spin observables are crucial in probing the reaction mech-

anism. There are currently no spin data, although several proposals exist. The meson

exchange approach, which rules at energies up to a few GeV, must break down at some

point, to be supplanted by a picture involving explicit quark dynamics. If we study the sec-

ondary collisions of A or _ hyperons produced in primary pp collisions, we can qualitatively

improve our knowledge of YN scattering phenomena. To make progress, it is essential to

measure the polarization P for AN and EN scattering, as well as the spin-separated cross

sections ao,a. A closer look at spin observables in inclusive hyperon production is also

warranted, as well as a global investigation of the strangeness production mechanism in

proton-nucleus collisions. Finally, definitive measurements of cross sections for A hyper-

nuclear production in pA interactions would provide useful tests of coalescence models

(for inclusive AA production) or short range correlations in two--body reactions at high
momentmn transfer.

na , i_, . ' ,' , lr,,, . ' ' ' "'" ' 'IIPIII'III' '111] II '', ,r_, Irl il , ra m' , , ,lll _,, Ill _r' ' ' _lr IIRI "li I ' 'l
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SUMMARY OF HFBR IRRADIATIONS

11-01-92 TO 11-30-92

DATE PROJECT/ORGANIZATION HOURS FACILITY DESCRIPTION OF SAMPLE

11/02/92 NYSHD 5.733 V-11 CLOUD WATER

11/02/92 CHEMISTRY 0.083 V-14 Ca METAL

11/10/92 CHEMISTRY 16.567 V-12 LIMESTONE

11/12/92 MEDICAL 627.017 V-15 Sn-117 FLAKES

11/12/92 TENN. TECH. UNIV. 167.950 V-11 Ar-36

11/13/92 ARGONNE NAT. LAB. 402.833 V-16 MULTI-LAYER FILMS (cont. Nb,O,V,AI)

NO. OF IRRADIATION HOURSOR PARTIAL HOURS= 1223

NO. OF SAMPLECAPSULESLOADED=6

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or

process disclosed, or represents that its use would not infringe privately owned rights. Refer-

ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-

mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the

United States Government or any agency thereof.
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