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Most of the emphasis at this meeting has been én'the elementary
interactions of kaons (Ki, K;) with nucleons. I would like to shift the
emphasis for a moment to a discussion of possibilities for the study of
nuclear and hypernuclear structure physics with kaon beamsl—a. With the
availability of Kf and K beams3’4‘at CERN, Brookhaven! and‘kEK in Japan,
there has been increased interest in the last few years in kaon-nucleus
physics, particularly.iﬁ-hypérhucleus formation. I propose to review
briefly the recent progress in hipernuclear physics, in pa?ticular the
studies of A and I states via the strangeness-exchange (K ,m ) reaction.
Prospects for future investigations with (proposed) intense kaon beams
are also evaluated, forlinstance the prqduction of high spin hypernuclei
via the (n+,K+)vreaction, and the formation of strangeness S = -2 Hyper-
nuclei (AN or =) by means of the (K-,K+) process. We clogse with a very
brief resume of elastic, inelastic and charge exchange ;egctions induced
by the interactiqn of K+ mesons with ﬁuclei5

To appreciaté the striking difference between K and K+ interactions
with nuclei, it is worthwhile to review-the main features of the elemen-
tary KiN interactions. | |

The average interactions of Kf and K with nucleons are very differ-
ent in character. The low energy K—N CTross segtions6 for isosﬁin I =20,
1 are shown in Fig. 1. The average K cross section is roughly QOmb,
typical of hadronic prdcesses. The existence of a number of S = -1
.Y* resonances is evident from the data. 1In Fig. 2, we show for compari-

+ 7 - +
son the KX N cross sections for I = 0,1. 1In contrast to K N, the K N

cross sections are small (% 10mb) and almost energy independent for



Piap < 700lMeV/c, below the onset of inelastic processes.

" The opﬁosite strangeness S ="%1 for Ki plays the dominant role in
undérstanding the large cross section differences evident f;om Figs. 1
and 2. 1In Fig. 3,.we illﬁstrate8 how S'= -1 Y* resonances are formed

in é natural way in the quark model through'tﬁe annihilation of a qq pair.
The Y* resonances chrespond'to ordinary low-lying three quark states.

In contrast, we see from Fig. 3 that there is no corresponding quark
annihilation process for‘KfN,'so possible intérmediate states (exotic

Z% resonances with S$ = +1) cannot bé composed of three quarks, the ﬁini—
um compiexity being'gqqqq.

Due to the qualitative differences in their elementary interactions
 with nucleons, the K+ and K are duite distinct probes of the nucleus.
One way of ekpreséing this difference is in terms of the mean free path
A= (pq)_l in nuclear matter. Here p = O.l6fm.—3 is the nuclear matter
density and ¢ is the average total cross section (o . Yo ,.)/2. For

. . A ] K'p K™n
we have 1fm < A < 2fm for Prap S 800 °'MeV/c, while for K we obtain
K~ -

K

3 -

5fm g < 7fm. The K mean free path is predicted to be very longs,

comparable to the size of a large nucleus like 208Pb. The K ,.on the

AK*

other hand, is a strongly dbsorbed particle in nuclei; its interactions
are thus restricted to the nuclear surface.
- 3 et s + . .
The K , unlike the K, can transfer one or two units of strangeness
to the nucleus. ‘Some of the strangeness exchange reactions which lead to

A and I hypérnuclear formation are the following:




K +n->7 +Aor m + 2°
(1)

K + P > n+ + 3
Another reaction which could be used to produce hypernuclei, although

under quite different kinematical conditions, is associated production

7r++n—>K++l\ (2)
Finally, = hypernuclei (8 = -2) can be produced via the reaction
K +p =~ gkt 4= (3)

particle are unstable with respect to strong

Systems containing a I or

conversion processes of the type

I +p=>A+<+n .
(4)

= +p> A+ A

One of our tasks will be to estimate the widths of I and = states arising

from such reactions.

Reactions (1) and (2) are distinguished by the momentum transfer q, for a

nuglear target at rest in the lab system. The value of q at eLAB = 0°

is plo;ted in Fig. 4 as a function of meson incident lab momentum. For
the reaction (K,7n), there egists a '"magic momentum'" such that the A or

L is created at rest in thellab. The importance of this fact for hyper-
nuclear production was emphasized'by Feshbach‘and Kermang. The A or I at
‘rest has a sizable ''sticking probability'" for remaining bound to the

, . + .
nucleus. The excitation of 0 configurations where the A or I coherently



replaces the lést valence nucleon (i.e., occupies the same shell model
orbit as vacated by the nucleon) is favored. The magic momenta are
‘about 300 MeV/c for I° and 530 MeV/c for A production. Currently, kaon
beams in this momentum region are not available, so experiments are done
in the 700-900 MeV/c region. However, frém Fig. 4, we see that q remains
small (< 50 MeV/c) compared to the nucleon Fermi momentum Py = 270 MeV/c
for p _ < 800 MeV/c, so coherent substitutional processes are important
at 0° in the whole low momentum regiod. The situation is quite different
for the ﬂ+n -> K+A reaction, as seen in Fig. 4. Here q z'pF for all
momenta of interest. The low spin states emphasized by the (K" ,n ) pro-
cess will be only very weakly excited in (n+,K+). Ins£ead,Athé A haé‘ﬁ
measurable "sticking probability" only in high spin configurations in

+ _+ . .
,K'), because its large linear momentum can only be matched to a cor-

(m
respondingly high angular momentum. The same is true for a = produced
'.in a (K_,K+) reaction. We return later to a discussion of these reac-
tiong.

10-12

The (K—,ﬂ_) experiments which have been done to date with

nuclear targets have had energy resolution in the range AE = 2.5 -6 MeV.

With such coarse resolution experiments, one sees only the energy-averaged
. . o | O

gross structure of hypernuclei; that is, A particle-neutron hole (An ™)

states. As an example, consider the hypernucleus 160. The ground state

A

doublet of tFO arises by replacing the neutron in the last valénce orbit

(nP ) by a A in the lowest lying orbit (A81/2)' We thus obtain

1/2

-1, .
(11, @1y )5) o= 1- (5)




In hypernuclei, the natural ﬁarity member of the ground state doublet

(nw = (—)J) lies lowest in energy. The very small splitting of the
doublet cannot be resolved experimentally. Note that the cross section
to the 0  state is essentially zero in the (K ,7 ) reaction, except for
parity violatiﬁg effects. In general, (K,m) cross sections to other
unnatural parity states (1%,2-,3+, etc.), which rely on spin-flip ampli-
tudes for their production, are also calculated13 to be small, even for
GL # 0°. We neglect these in the following. Theilow—lying excited

. .16
natural parity states in A0 are

-1
(As) ,, &n P

/ . 3/2)1‘

1

1/2,3/2® 10 P/ or o+ (6)

(AP

-1
(ABy )y 379 B0 Py /o) oh o4 ot

The experimental spectrum for the (K ,m ) reaction on 160 and 40Ca tar-

getslo’11 is shown in Fig. 5. The CERN 0° data for 12C, 325 and 209Bi

are given in Fig. 6. In very light hypernuclei, such as ﬁfc and %fo,

. . -1
the narrow peaks due to particular A particle-neutron hole states (An )

dominate the spectrum. For heavier systems, the quasielastic part of
the spectrum becomes relatively more important. This process involves
the emission of a A into the continuum. This leads to a sizable "back-

. . . 209 . . . cces
ground' cross section, for instance in Bi, which makes it difficult

A

-~ to resolve individual hypernuclear states.

In the distorted wave impulse approximation (DWIA), the (K ,m )



cross section at‘eL = 0° on a spin zero target takes the form’
dg ,.w Ado 0° - J
5g (9 =<—) N ¢ ()
aq . 4 K n+an eff
where the final An_l state has quantum numbers 13" = (Aﬂpj‘)ﬁa n(ﬂhjﬁ)_l)
0° ° .
In Eq. (7), (do/dQ) K_n+ﬂ_A'is the 0° lab cross section for the elemen-
tary,K-n+ﬂ-A process, and Negf is the effective uuwber of ncutrone, given
byl4 L ,
1 . s g 2
N .= (2341) (23 +1) (25.41) (Fp In ) F_(q) (8)
eff P h J
5% 0 S

J'n'

Note that at 0°, only natural parity states are excited, so that £p+£h+J v

must be even., The form factor FJ(q) involves the radial overlap of the

A and n-1 wave functions with kaon and pion distorted waves:

F L@ = ¢ rZdr R () R (@ (r))? (9)
e}

In plane wave approxi@ation (PWA), SJ reduces to the usual sﬁhériéal
Bessel function jJ(qr). ‘The formulae (7)~(9) can eaéily be generaiized5
to 8, # 0°.

iNear the "magic momentum" for the (K ,m ) reaction, eL = 0° cor-
responds to q = 0. In PWA, we see immediately from Eq. (9) that 6n1y
Fo(q) differs from.zero for q = 0; thus 0+ states will dominate for

8. = 0°., As we increase 0 q also becomes larger and Fo(q) decreases;

L AR ,
other form factors FJ(q) for J#0 come into play. The highér spin states

not seen at 0° can be revealed by their characteristic angular distribu-

tions.
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The goal of the theory is to predict the values of Negf for various
An--1 configurations, i.e. the (K ,7 ) "strength function". Some typical
results due to Bouyssy15 are shown in Fig. 7. The contributions of
individual An—1 states are indicated by dashed lines; they have been
spread out in energy to simulate the results of a coarse resolution
experiment. The envelope corresponding to the sum of all An—'l contribu;
tions is shown as a solid line, with the corresponding CERN data displayed
in the inset. The low spin states are seen to dominate, and the compari-
son with data enables one to assign experimental peaks to particular An~
statés, at least in light hypernﬁclei, where the An'_1 configurations of a
given spin J are well spaced and only weakly admixedll*’15 by the residual
AN interaction. The positions of the An_1 peaks are close to the unper-
turbed particle-hole energies. The n_l single particle energies are taken
from observed separation energies, and information on the A binding in

the S state is available from emulsion data on hypernuclear ground

1/2
states. To predict the A binding energies in excited states, we need a

model for the single particle potential VA(r) in a hypernucleus. We

take a conventional Woods-Saxon fofm
_ A A 2

V() = -V E() +V g L.o, <m¥‘c> 1 df(x) (10)

i

with £(r) = (1 + exp (r;R)/a)fl. The geometrical parameters R = roAl/S,

r = 1.1fm, a = 0.6fm are assumed to be similar to those for the nucleon

potential. The depth parameters VoA and V for the central and spin-

LS

orbit potentials have been determined17 by a fit to the observed peak

. . - - . 17
positions in the (K ,m ) reactions. The results are




V.A > 32 + 2 Mev

° (11)
v A 4 + 2 MeV

LS ~ .

The depth VOA is consistent with the emulsion resultslG. The new infor-
mation'gained from the CERN (XK,w) daté is the value of VLQ’ which is
much smaller than the value Vrg * 20 MeV for nucleons. The fact that
the A spin-orbit potential is small can be seen, for instance, from the
%SO spectrum of Fig. 5. The.observed splitting between the

-1 -1
. d i
(AP3/2 @Dn.P3/2)O+ and (,P),, @n P1/2)0+ configurations, about 6MeV,
can be attributed to the nucleon spin-orbit splitting, with no need for

a large value of V Similar conclusions follow from an inspection'of‘

LS’

the AI?Ca spectrum in Fig. 5.

The A spin-orbit potential has been the object of some recent theo-

18,19,20

retical work > based on meson exchange models or the quark-gluon

picture. The general conclusion of these authérs is that VLQ should be
sma;l. Note, howcver, that the older analysis of p-shell hype;nuclei due
to Dalitz, Gal and Soper21 yielded a large spin-orbit potential for the
A, of opposite sign to that for a nucleon.

The CERN data at 0° are useful for determining tbe single particle
potential of a A in a nucleus. These properties can already be determined
from the low-spin part of the hypernuclear spectrum. The presence of
higher spin states (J z 2) can only be established by measuring the
(K—,nf) angular distributions. In a recent experimentl2 at the Brook-
haven AGS, the angular distributions in Fig. 8 were obtained for the

12 - =12 *

reaction ~C(K ,m ) AC at an incident momentum of 800 MeV/c. The data




have been interpreted in Ref. (13).in DWIA. The angular shape for the
2C ground state, with a peak at about 10°, is characteristiﬁ of a1l

state. This is what one anticipates from the (Asl/2(3r193;§)1_ con-
figuration. The angular distribution for the group of states at 11 MeV
excitation requires more interpretation. One expects the (APl/Z ®n P3;;)2+
and (AP3/ZQDIIP3;;)0+ 2+ states to lie in this region of excitation. A
coarse resolution expe;iment cannot separate these. If the A spin-orbit
potential is indeed small, the energy splittings of the 0+,2+,2+ triplet
come only from the residual AN interaction, which typically produces
splittings of 1 MeV or less. Thus the data shown in the lower half of
Fig. 8 reflect the summed strength for the 0+,2+,2+ states. The presence
of the 2+ excitations is revealed as a shoulder in the angular distribution
in the region from 10" to 20°. The calculated contribution from the 0+
state alone is several orders of magnitude below the data in this region.
The DWIA theory13 gives a good account of the shape of the angular dis-
tribution. This is sensitive to the .relative éize of the 0+ and 2+ con-
tributions, which the theory gives correctly. Agreement in absolute size
of the (K,w) cross sections requires multiplication of the theoretical
valués by an overall normalization factor of about 1/2. The origins of
this discrepancy are discussed in Ref. (13). 1In any case, the data in
Fig. 8 provide clear evidence for the presence of the expected ot
strength, not seen in the 0° data.

The CERN group has also investigated the (K_,ni) reactions in the
b regionzz- Some of their results are shown in Fig. 9 for the

9Be (K-,w—)iBe reactions at 720 MeV/c. The incident momentum is chosen
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-to correspond to a peak in the elementary K o> £° process. The presence
of (unbound) I states is suggeSted by the structures.located within

20 MeV of the threshold corresponding to zero I binding (BZ’= 0). Since
the momentum transfer q is still reasonably small (= 130 MeV/c), we
expect that these states would correspond to 0+ or 1~ e#citations. The
surprising feature is the narrow width observed for these states

(1"Z < 10 MevV). It haa been assumed that the strong conversion mechapism
IN + AN would lead to very broad I states (f > 30 Mev). A rough estlmule
of the I width in nuclei can be ohtained from the perturbation theory

result
AV

. N . 4 ) |
FZ ] (VO)ZE—Mn A-/o. pp(r) u_p (rA)dr (12)

where un!(r) is the Z.radial wave function (r) 1s the.proton dehsity

aDp

and (v'cJ)A'V is the Fermi-averaged I p-An cross section, v being the rela-
tive velocity. The experimental data23 on the I p +An process may be

parametrized in the form

(vc)z-p > fn (VO)O/(l + av) (13)

where (vo)o z 65 mb, o ¥ 20. Tor a 7 at rest in the nucleus, the Fermi

'~ 14 mb. Note that

: . . . AV
averaging over the nucleon motion yields (Vo)z"p+An

(vo)AV is only about 1/5 of the threshold value (vc)o, which was used in
early estimates of the I width. Using the smaller value (Vo)AV, we get

typicai widthszA

les z 23 MeV, lep x 13 MeV (14)

lZC.

for .

For the 1P I-state, the value of FZ in Eq. (14) is already

tantalizingly close to the width of the structures seen in Fig. 9.




-11-

Additional reduction25 of the. Z width can arise in light nuclei because
the low-energy IN+AN conversion mechanism is strongly spin and isospin .
. dependent (éhe 381, I = 1/2 channel dominates). In systems like ifc and
;Li, the "core" seen by the £ is not spin-isospin saturated. Thus the
matrix element of the IN>AN amplitude between I and A hypernuclear wave
funétions will differ from that obtained by neglecting the spin-isospin
dependence (as done in Eq. (12)).. One can .thus obtain either larger or
smaller widths than from Eq. (12). Detailed estimates of I widths have
been carried out in Ref. (25). It was found that 0+ states with I = 3/2
enjoy an appreciable suppression of the I width relative to the limit
where spin-isospin effects are ignored. The width suppression effect is
limited to only a few states: 1 and 0+, I = 1/2 states in %?CAand %?0
are broadened rather than narrowed., Definite predictions for the quan-
tum numbers of narrow I states in light nuclei have been madezs. These
cannot be firmly established on thevBasis of the 0° daté alone; angular
distributions are required.

A particularly interesting case is that of ISO. The two states which are
candidates for narrbw structure25 are.the I=3/2, (ZP3/2<:>n PS;;)O+.and
(231/2'®n Pl;‘],z').o_‘_ configurations. If the spin-orbit potential for the
I is weak, these two states are predicted to be fairly broad and separa-
“‘ted by about 6 MeV. On the other hand, if the I spin-orbit potential is
comparable to that of the nucleon, the two O+ states will strongly mix

and one of the diagonalized configurations carries almost all of the

(K,wn) strength., We then expect one quite narrow 0+, I = 3/2 state in

16

.1 :
ZO° No data on SO is yet available to test this prediction. For I
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states, it is important to measure both the (K ,7 ) and the (K_,n+)
reactions; the latter process filters out the I = i/2 states.

There have also been some recent measurements of hypernuclear y
rays, in particular for XH, iHe (26) and for iLi (27). The importance

of y ray measurements has been emphasized by Dalitz and Galzs. The case
4

of AH,'Z‘He is interesting, since it bears on the question of chafge
symmetry breaking. Earlier experiments were interpreted in terms of
a'sizable L° - A mixing, but the more recent results26 require much less
violation of charge symmetry. The results for iLi can be compared with
earlier pfedictionszs. The theoretical results are sensitivg to the
spin dependence of the AN residual interaction; which we hope to test
with such data.

The previous sectivns have been devoted to a brief review of the
experimental data on hypernuclei. One may now ask: what are the future
_prospects for kaon physics? Several projects fof improved kaon beams
are in the planning or devclopment ctage. At CERN, a K beam at 450
MeV/c is under construction30. The low momentum will be more favorable
for the study of L hypernuglei; since one is then closer to the "magic
momentum" (see Fig. 4). A workshop group is developing a proposal for a
dedicated kaon beam at the Brookhaven AGS with an intensity of perhaps
50 times current valués (2 x 104 kaons/burst). Such a proposal coﬁld
also include an intense pion beam in the 1 - 1.5 GeV/c range. There
are also longer range discussions under way, for inétance at LAMPF and

TRIUMF, concerning the possibility of a "kaon factory'. Some of these

31 :
considerations were reviewed at the recent Kaon Workshop =~ at Vancouver.
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In vigw of this discussion, it 1s important to provide a physics justi-
fication for a new kaon facility. I will mention here only a few of the
unique possibilites for kaon physics. A number of other topicé have

also been explored, for which the reader is referred to the 1iterature31-34.

In heavy hypernuclei, we e#pect that collective»"strangeness analpg
resonances" (SAR) will be formed35. As for isobaric analog states, the
SAR involve a coherent superposition of An_l states coupled to J" = O+.
In a somewhat idealized model35, the SAR wave function rémains anti-
symmetric with respect to the interchange of the A with any neutron, even
though the A does not need‘to satisfy the Pauli principle. Theoretical
calculal:ions3-6 indicate a tendency toAdévelop such collective states in
heavy nuclei. -Since the quasielastic.contributiqn to the (K ,m ) reaction
is large in heavy nuclei (see 2ggBi in Fig. 6), experiments wifh better
energy resolution will be required to see these narrow collective struc-
tures. These experiments will become feasible if new intense kaon beams
become a reality.

In addition to the SAR, ﬁther "supersymmetric’ configurations should
exist in hypernuclei37. These states are predicted to lie well below the
analog states (by 10-20 MeV) and correspond to symmetries that cannot be
realized in ordinary nuclei because of the Pauli principle. For example,
consider the (1p)5 configuration outside the closed (1S) shell. Thé

orbital permutation symmetry for the ground state of 9Be is dominantly

9 *
Be . However, ''supersymmetric"

[41], which then also holds for the SAR in A

* B
states of iBe also exist with orbital symmetry [5]; these states permit

more relative s-state bonds than [41] states, and hence they lie lower
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in energy than the SAR. The 2Be* excitations may be grouped37 into SU(6)
multiplets, if one neglects the spin dependence of AN and NN forces.

The SU(6) symmetry_would imply that a number of non-analog states would

be roughly degenerate with the SAR, leading to an interesting fine ;truc—
ture arising from the distribution of the strength of the SAR over these
states. Data with much better energy resolution are required to see

this fine structure. The search for such approximate syﬁmetries in hyper-
nuclear épectra'is an\exciting prospect for Raon physics.

Previously, we have discussed the simple A particle-neutron hole
model for hypernuclei. Experiments with poor enérgy resolution are sensi-
tive only to this gross An-l structure. The next generation of experi-
ments should be able to detect "“core excited" states in hypernuclei. For
cxample, Daliﬁz‘and Gai28 have estimaﬁed the (K,m) cross section to the
"core excited" states in ﬁfc. In particular, a 1 state consisting of
Asllz coupled to the low-lying 1/2  state in 11C was predicted to lie
ahant. 3-4 MeV above the 1§c ground state, and to be populated with appre-
ciable intensity in the (K ,7 ) reaction. No evidence for this state
was seen in the BNL datalz; possible explanations for its absence are
discussed in Ref. (13). These "core excited" states may also be viewed
as arising from ground state correlations in the target, i.e. ,AC is a
poor "clgsed shell", containing appreciable two-particle-two-hole correla-
tioné. Particle-hole excitations may also be created by inelastic
scattering of the kaén or pion. Such dynamical effects can influence

cross section estimates based on pre-existing ground state correlatioms.

The (K,w) reaction has been exploited to produce low spin hypernuclear
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states. The cross reaction (m,K) has recently been discussed38 as a
possibility for producing hypernuclei. Since the momentum transfer for
n+an+A is large, as per Fig. 4, associated production will preferentially
populate high spin states, nicely complementing the (K,w) measurements.

An attractive experimental feature of the (m,K) process is the availability
of large pion flukes, typically 104 m's per K at the Brookhaven AGS. This
permits the measurement of mﬁch smaller cross sections (1 yib/st is accessi-
ble) than for (K,w) with current beam intensities.

The configurations which are predicted38 to dominate the (w,K) reac- -
tion are the natural parity '"stretch states'" obtained by coupling An-'1 to
spin J = Kp + Zh. If we consider nodeless oscillator wave functigns for
which Rll(r) ~ (r/b)£ exp (—r2/2b2), the form factor FJ(q) of Eq. (9)
becomes

Fi(q) = z) e ”? - @y

(D112

where z = (bq)2/2. Note that FJ(q) vanishes at ¢ = 0 for J # 0 and
assumes its peak value for
2 .
J= (bg)/2 - (16)

The condition (16) represents the optimum matching of momentum transfer

q and total spin J for the oscillator model. Note that eL = 0° cor-
feéponds to a large value q = q 3 values of q<qO are not accessible to
experiment. The value 4, usually exceeds the optimum value (2J)l/2/b
of Eq. (16), so that one is already past the peak of FJ(q) for BL = 0°,

+  +
and the (v ,K ) cross section is a decreasing function of SL.

The question now arises: What is the highest spin I\n—1 state that
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one can manufacture‘in a given hypernucleus? If omne asﬁumes the potential
VA(r) of Eq. (10), the spectrum of A single particle states can be cal-
culatest. One can also seek guidance from Hartree-Fock calculations

for A hypernuclei. For systems with A>40 or so, the A érbit correspond-

ing to the last bound nucleon orbit is a single particle resonance in the
48 90 138 208

continuum. For typical syslews like ~ Ca, Zr, Ba and Pb; which

have closed j = £ + 1/2 neutron shells with £ = 3,4,5 and 6, respectively,

)

the cbrreéponding'A orbits lie at roughly 5-6 MeV in the continuum. The

elastic width of these A states becomes narrower as A increases

48 208
(PEL > 2.4 MeV for the 1f in AC . PEL > 0.3 MeV for the 1i in. A b),

so they should be observable as relatively narrow An -1 states, even though
they are unbound. The highest spin narrow An_l states that we anticipate

are then obtained by coupling these single particle resonances to n

states: %fSi, AiCa, ?ﬁZr, 113\8Ba, and 208Pb are good candiates, since

n‘l also has high spin., We can also couple the A in the next lowest

Lo -1 . : .
orbit to n =, giving atatcc with one less unit of J. We find

28
pSis (dgn 5, @ d5/2

1
( AT1/2, 3/2®n 5/2

an
48
pcar ( f5/2 7/2 ®n 7/2 o

(A 32,52 Oafr)2)
5

and so forth. 1In Fig. 10, we show these high spin states on a J vs. A
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plot, along with continuous curves corresponding to the optimum matching
condition (16). The A dependence of the optimum J arises from the
oscillator radius parameter»b, which we have taken as proportional to A1/3.
Note that q decreases with increasing P, (see Fig. 4), so that by varying
p.» We sweep out a band of optimum J values. The elementary w+n+K+A-
cross Section40 peaks near P, = 1.04 GeV/c, but remains sizable up Fo
about 1.5 GeV/c. From Fig. 10, we see that for light systems such as

?fSi or éfCa, the highest spin state is very well matched at 1.04 GeV/c,
so the largest (n+,K+) cross sections are to be expected for these states.
For heavier hypernuclei; we are no longer well matched at 1.04 GeV/c, so
smaller cross sections will result. In Ref. (38), estimates of (n+,K+)
cross sections are given for a range of targets and incident momenta,
using PWA, DWIA and eikonal approxima;ions, A typical DWIA theoretical

prediction38 is shown in Fig. 11 for 40Ca‘(ﬂ+,K+) ﬁ?c

a* at 1.04 GeV/ec.
The cross sections for stretch states decrease when J is decreased, but
by less than a factor of two per unit of J. Hence several states should
have measurable cross sections. The results shown in Fig. 11 are reduced
by only about a factor of 5-10 with respect to PWA estimates, since the
K+ is Qeakly absorbed in the exit channel.

The (n+,K+) reaction could open up a ﬁew domain of hypernuclear
structure physics. The high spin "stretch'" states discussed here are of
a particularly simple structure, since only one I\n_l configuration of thg
maximum J exists. In heavy systems, the "spreading width" of véry high
spin states will be less than that for lower spins, since there is a lower

density of compound states (2p 2h, etc.) of the same spin. Thus narrow
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excitations may exist, even quite high in the continuum. There is as yet
no experimental data on the (n+,K+) reactions, but an experiment is being
planne.dl'l1 for the Brookhavgn AGS« ‘

| As a final topic of the "futuristic" type, we consider the possibility
of producing = or AA hypernuclei via the double strangeness exchange
(K_,K+) reactionaz. Sgch studies would be of fundamental interest from
several'points of view: a) explore a new type of hypernuclear spectroscopy;
b) éhEd‘some light4on the nature of =N and AA interacrtrion, theréby extend-
ing our knowledge of the SU(3) structure of baryon-baryon forces; c) possi-
bility of narrow = states-in nuclei; and d) provide a possible test for
Bag model predictionsé3 of a strangeness -2 dibaryon.

| Two events corresponding to double hypernucleus production are known

from emuléion work44 (;1 He and kgBe).v These afe identified by tracks

corresponding to two successive weak decays Aspm . In the case of 2AHe,

the first step is a K + p + K+ + = reaction, followed by the slowing

down of the = in the emulsion, and finally the capture process
-~ 12 7., 6 )
= + cC~> Li+ AAHe.

Second order processes for the formation of AA hypernuclei have been
evaluated in Ref. (42). These correspond to the graphs of Fig. 12. The
0° cross section for the K p»n°A followed by n°p+K+A reaction, summed

over all final AA hypernuclear states, is given42 in rough approximation by

0° ] K p>n® A mopsktA ' :
Z (99-> = 8naja0t 1 fdo ) a ) L (18)
k “L/ge L7 e
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where

o= - @@

@ = (- q(z)/VK+EA(2)) (19)

2r > >
Cf o R
(2,".)2 tl(o) tz(o)

Here t1,2 are t-matrices for processes 1 and 2 and £ takes account of
their angular dependence. A Glauber approximation has been used fo

- reduce theAd36 integral -to avtwo dimensional integral over 6J_ (x,y com-
ponents). The existing experimental data44 on KN » mA and.ﬂN + KA can be

used to obtain

£ :0.02mb
K—p—>’n'°1\ . . B
do
(d ) x 0.76 mb/st (20)
00
do n°p+K+A
(E—Q—> Z 0.65 mb/st
for p _=1.1 GevV/c, Poo = 1.02 GeV/c. This choice of momentum corre-

K .
sponds to the peak in the product of do/dQL factors. Using the values in

(20), and taking <1/r2> z 3pF2/20 ~ 0.028 mb—l from the Fermi gas model,

Z (%) © = bub/st (1)
£ £ |

we obtain

L

-+ : .
for the summed (K ,K.) cross section.



Note that the sum over states includes the.quasielastic contribution,

(one or both A's in the continuum) which is a sizable part of the total,
since q is large. The contribution of discrete AAp_lp_l states to (21D
will arise mainly from high spin states. The first A, produced in the

low q process K p>n°A, would have maximum "sticking probability" in a low
spin state, but the second A, produced in the high q process n°p+K+A, can
stick only in a high spin state. Thus the (K_,K+) cross sections to
discrete states may be too small to measure with current K-beamé, although
this reaction :émains very.promisiﬁg forlfuture facilities.

Rather than considering AA hypernucleus formation, we may look at the
one sﬁép process K_p+K+E, The reaction E—p§AA then serves to provide the
=~ state with a conversion width, analogous to the situation for Z_p+An.
The two-body threshold for the = production is at p _= 1.05 GeV/é, so
the formation of = hypernuclei is kinematically sepafated from that of AA
hypernuclei (the Q value for 5-p+AA is 30 MeV).' The summed cross section

‘at 0° for a = hypernucleus in a (K—,K+) reaction 1542

f | - :
Z : (3—"- =Z . o (d'o/dgL)K pk = (22)
f 9, 0° 0°

where Zeff is the effective proton number
‘ (=), 12y (+ 2
z .= [0 @K@l Po> (23)
eff. P .K_ K+

’ +
and a = (1 - q/v +E:). In Eq. (23), x(‘) are distorted waves obtained
oz

from the optical model. We estimate42 Zeff to be of the order of 1 and

take
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K’—p +K+= -
(%9—) Z 30 ub/st ‘ (24)
Y _
0 o

at p _~®1.26 GeV/c, from experiment45. This gives
K .

,(do/dnL)Zo z ub/st , (25)

for = hypernucleus formation. Since q > 400 MeV/c, only discrete = states
of high spin will be popuiated in the (K—,K+) reaction. The quasielastic
process represents much of the sﬁm of Eq. (25).

The Hartree potential for a = in the nucleus and the width FE arising
from = p>AA have been éstimated in Ref. (42). Because of the smaller
pﬁése spéce fér the.éonveréion process, = widths éré intrinsically smaller
fhan.z widths. The quenching mechanism discussed earlier for I widths25 also

operates for the =, since at low energies, the process E-p+AA takes place only
1

from the I = 0, S0 channel. Very narrow = states may thus be anticipated4 .

Inténsevkaon Beams are required to find them!

There are also a number of unique possibilites for the K+ as a probe
‘of nuclear structure. The K+ does not transfer strangeness to the nucleus,
but its weak absorption makes if distinctive among hadrons. Its features

5,46-48

have been discussed in some detail in the literature, so we only

give a skeleton outline here. The K+ should in principle be useful for

a) extraction of information on neutron densitiess’47 from elastic scat-
tering, as well as spin flip form féctors47. This requires a good khow—
iedge of the elementary K+N amplitudes; b) K+ inelastic scattering studies
of giant isoscalar 0+ and 2+ resonances and high spin unnatural parity

states. It would be interesting to compare these results to w, p and e
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inelastic scattéring to the same:clasé of states; c) charge exchange
(KjKo) r'eacti'onS'5 to look at the isospin structure of giant resonances;
d) investigation of nucieon quasiparticle properties via the (K+,K+p)
knockout reactionag, and comparison with (e,e'p) and (p,2p) results.
There is some recent data50 on Ki elastic scattering on 12C and 40Ca at
800 MV/u. These data have been diocuoood in the contaxt of the optical
mode148. A first orde; potentiél (1inear“in the ﬁuclear Aensity p(;))
with no free parameferé gave excellex;t.agreément48 with the K+ elaséic
ecattering data.

I have tried to indicéte some of the inéeresting questions which
‘arise in kaon~nucleus physicé, bﬁt-thg ;ist gas been fér ffom complete.
There are many open questions and opportﬁnifies fof advanéeslin ou%

understanding of how strange mesons and baryons interact with nuclei.
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