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ABSTRACT

Kaon beams offer exciting prospects for the study of both nu-
clear and hypernuclear physics. Experiments on hypernucleus forma-
tion via the (K", Jt~) reaction, as well as elastic and inelastic
scattering of K* from nuclei, are already underway. The theoreti-
cal analysis of such experiments requires an understanding of the
underlying two-body K*N interaction. We review here the main fea-
tures of these elementary amplitudes, as revealed through phase
shift analyses and meson exchange models. We indicate how the pro-
perties of the two body interaction (isospin dependence, Y* and Z*
resonance formation, strangeness exchange, etc.) are reflected in
reactions induced by kaons in nuclei.
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York; partially supported by the Department of Energy under Con-
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The existence of secondary kaon beams at high energy accelerators
(Brookhaven, CERN, KEK) offers the intriguing possibility that such
beams may be used for medium energy nuclear physics experiments in
addition to their traditional application to the study of elementary
particle processes. Some nuclear experiments with k8ons have al-
ready been performed, in particular, the investigation of hyper-
nuclear spectroscopy via the (K", JT") reaction •'•»"'. The potential
virtues of both K" and IC1" as nuclear structure probes, as well as
their relation to more familiar medium energy probes such as it, e,
p, and a, have been recently delineated^*^). This discussion hinges
to a large extent on the properties of the elementary K±-nucleon in-
teractions. In this talk, we review the present level of experimental
and theoretical understanding of the K^W amplitudes.

The average strong interaction amplitudes (f-± + f_± )/2 for

pions on nucleons are the same for if' and it", assuming charge indepen-
dence. Both i& and JT" interactions with nucleons are dominated by s-
channel resonance formation for low energies, p l a b < 1 - 2 GeV/c. For

instance, the well-known (3,3) resonance-dominates the pion-nucleon
interaction below 300 MeV or so. In sharp contrast to the situation
for pions, the average interactions of K* with nucleons are very dif-
ferent in character. The low-energy K~-nucleon cross section is reso-
nance-dominance and has an average value of the order of kO mb, typi-
cal of hadronic cross sections. The total cross sections for K" -
nucleon scattering in states of pure isospin I= 0,1 are shown in
Fig. 1 in the low-energy region Plab^ 1 GeV ̂ '. 'The presence of a

number of I = 0 resonances (Yo^ and 1 = 1 resonances (Yj*) is clear
from the data. The energies, widths and quantum numbers of the well-
established Y* resonances^) are given in Table 1. On the other hand,
the low energy K*-nucleon cross sections are small (~10mb) and rather
constant in the region p. .^ 700 MeV/c below the onset of strong in-
elastic processes. This behavior is shown in Fig. 2. At higher en-
ergies (Plat)£ 700 MeV/c), the Kt-nucleon cross section experiences a

sharp rise, and the possibility of exotic Zo and z£ resonances exists.
The total and inelastic cross sections in this region are shown in
Fig. 3.6J

The fact that the K* and K" have opposite strangeness S = ±1
plays a crucial role in understanding these qualitative differences.
Irs bhe quark model, the K" is made up of a strange quark X (S =-1)
and a non-strange antiquark p" . In Fig. k, we illustrate how the
S= -1Y* resonances are formed in a natural way through the annihi-
lation of a quark-antiquark pair qq . The Y* resonances are ordi-
nary three quark composites. In contrast, we see that possible
exotic iC1"-nucleon resonances (called Z*), having S = + 1 , cannot be
composed of three quarks, the minimum complexity being \qaqq. Such
an exotic configuration would correspond to the {lo} and [27} repre-
sentations of SU(3) for 1 = 0 and 1, respectively. Due to these
striking differences in the elementary K^ and K" interactions with
nucleons, the K* also offers quite distinct possibilities for prob-
ing the nucleus.



TAELE 1

Y* Resonance Energies, Widths, and Quantum Numbers*

Dominant
State 1,2J T(MeV) Channel

E (1385)

A (1U05)

A (1520)

A (1600)

E (1660)

A (1670)

E (1670)

A (1690)

E (1750)

E (1765)

A (1815)
A (1830)

S (18UO)

A (i860)

E (1915)
E (19UO)

E (2030)

A (2100)
A (2110)

P 1 3

S 01
D03
P01
P l l
S 0 1
D l 3
D03
s n

F05
D 0 5

P Q 3

F15

F l 7
G07
F05

35-to
UO

15
60

50 -100
25-50
50-60
30-80
60-100

120

70 -100
60-100

120

1+0 -100
70 -130

100 - 300

100 - 200

100 - 200

l to - 200

A*

KN

KN, En

Eit, KN

E«
En
Ejt

En, KN

KN

KN

KN

To.
KN

KN

mixed

mixed

mixed

KN

Eit, KN

*We list only the well established resonances of Trippe et al. ,

plus A (1600) and E (1660), which are more firmly established by re-

cent analyses22), as well as E (18U0), which is the lowest lying

candidate for a P^3 state"'. In the last column, we list the domi-

nant decay mode for each resonance; in cases where two modes are

prominent, the larger one is listed first.



We first discuss the main features of the K+-nucleon scat-
tering amplitudes, starting with a look at the data and results
of phenomenological phase shift analyses, and then proceeding to
a discussion of models with more theoretical input.

A large ©mount of experimental work has been done on the
K+p and K+d systems in the energy region below 2 - 3 GeV. This
is the region of principal interest here. These measurements
include total cross sections, differential cross sections for
elastic and charge exchange scattering, and the corresponding po-
larizations. The K*n cross sections are obtained from the i^d
results by unfolding the effects of Fermi motion and binding ef-
fects in the deuteron.

The elastic scattering angular distributions for K^p scat-
tering are shown in Fig. 5 for p., < 2 GeV/c 7). The differential
cross sections are essentially isotropic up to about 800 MeV/c,
consistent with a dominant S1/2 amplitude for 1 = 1 . Above this
momentum, higher partial waves (L > 1) enter the problem and a dif-
fraction-like minimum develops. Note that da/dfl exhibits a back-
ward peak; this is characteristic of baryon (for instance, A) ex-
change.

In Fig. 6, we display the differential cross sections for K+p
at very low momenta of lk5 and 175 MeV/c "'. The constructive
interference of Coulomb and nuclear amplitudes at forward angles
is clearly evident. This interference is in fact constructive in
the entire low energy region°>9) and demonstrates that the dominant
Sl/2 1 = 1 strong amplitude is repulsive.

For p, .< 800 MeV, the total iCp.cross section consists almost
entirely or elastic scattering. Even though the threshold for sin-
gle pion production is at p1 «* 525 MeV/c, significant inelastici-
ties do not develop until one is above the K A (1236) and K*(S9O)N
thresholds at roughly 870 and 1075 MeV/c, respectively. Recall
that K*(890) and A(1236) correspond to S-wave M and p-wave ritf
resonances. These two channels dominate the total inelastic cross
section below 1.5 GeV/c, as shown qualitatively in Fig. 7 '.
Note that for 1 = 1 , the KA process is most important, although
interference with K*N is observed11), while for I = 0, KA does not
enter.

After the onset of strong inelastic processes around 800 MeV/c,
the total elastic cross sections drop continuously. This is shown
in Fig. 7 for K+p. The cross section Coe for the charge exchange
process K*n -* K°p is shown in Fig. 8 12'. Charge exchange is seen
to be relatively unimportant at low momenta relative to elastic
scattering. Above 800 MeV/c, charge exchange, like elastic scat-
tering, decreases fairly rapidly. The region around 600-800
MeV/'c thus seems optimum for charge exchange scattering on nuclei.

The K*" system is a natural candidate for a phase shift analysis,
the scattering being dominated by only a few partial waves (S and ?
waves up to 800 MeV/e or so). Numerous such analyses have been carried
out for the IĈ p system13-15). Extraction of the IĈ n cross sections
from K+d experiments has also led to a number of analyses of the 1 =
0 amplitudes1""1"', keeping the 1=1 amplitudes fixed. Recently a
simultaneous analysis of both 1=0 and 1 partial waves hss appeared1^.



The partial wave expansion for the non-spin flip K+N scat-
tering amplitude assumes the form

fI(s'6) = I 2oC(J1 + U*fW + «J-(s)] P^cos 6) (i)
where lr refers to j = 4*1/2, respectively. The inelasticity para-
meter Tl and the real phase shift 6 are defined for each partial
wave by

*i ± (s,9=o) = (1^± e
2i6JK± -D/2i (2)

In phase shift analyses of K N data, one strategy is to perform en-
ergy independent analyses at a series of energies, and then try to
join the solutions in a continuous fashion. An alternative is to
perform an energy dependent analysis in which one parametrizes the
IĈ N amplitudes es continuous functions of energy and determines the
free parameters by a X^-fit to data extending over a range of ener-
gies. We now discuss two representative models, due to B. Martin^-9)
and the BGRT group ̂ l o ) .

The BGRT group parametrises 6 + by a power series expansion

* Al± f B,±k
2 + C£±k

U) (3)

and Tl by a function which decreases smoothly above the inelastic
threshold

\ ± (s)

f ° s - st

where S £ = 2.U8, 2.72, and 2.88 GeV
2 for I = 0, 1, 2 . This parame-

trization was introduced by Lea, Martin and Oades^), who performed
the first extensive phase shift analysis of K*"p data.

Martini) has introduced a parametrization of the inverse am-
plitude f:\Li±

R2
± (k)) (5)

where

n (6)

k - k. . m

max in



p
The factor C.(k) contains the correct penetrability factor k
for small k, but smoothly approaches a constant for large k. This
is an improvement on Eq. (3)> which has no cutoff factor for large k.
This form of the amplitudes has been used^Jto perform an extensive
analysis of all the available K+p and K^d data below P. . = 1.5 GeV.
This represents the most complete simultaneous analysis of I = 0
and 1 amplitudes to dete.

We now discuss the qualitative features of the K+K phase shift
analyses. First consider the region near threshold. Here T\ = 1
and the phase shifts 6 can be well represented by the effective
range expansion

k2*+1 cot 6*± = -f + | 4 k2 (7;
aj&±

Values for a., and r.. have been obtained in a variety of analy-
J&— JL—

ses°>9>13-15*19>20). For I = 1, we have no ambiguity about the
signs of the low energy K*"N 1=1 amplitudes

Sl/2 repulsive

Pl/2 repulsive (I = l) (8)

P3/2 attractive

In addition, the value of the combination a . + 2a ,/„, which
Pl/2 P3/2'

enters into the total cross section for & = 1, is very small.
For 1 = 0 , the low energy Sl/2 interaction is much weaker

that for 1 = 1 , but even, its sign is not yet determined. The
results of extrapolations of phase shift analyses to zero energy
stand in sharp contrast to recent theoretical speculations of Cot-
tingham and collaborators^!), who use a multichannel meson exchange
model to predict that the threshold Sl/2 1 = 0 interaction is strong-
ly attractive. The signs of the 1 = 0 , I = 1 amplitudes at thres-
hold correspond to

Pl/2 attractive (i = o) (9)

P3/2 repulsive

We now discuss some of the results of phase shift analyses at
higher energies, starting with 1 = 1 . In Fig. 9, we show the momen-
tum dependence of the 1 = 1 phase shifts 6 and inelasticities 11 cor-
responding to the parametrization of Eqs. (3) and {h) of the BGRT
groupl3). The pattern of signs given by Eq. (8) is preserved in the
entire region below 1.5 GeV, with a dominant repulsion in the Sl/2
partial wave. The different solutions (i) to (iv) are seen from
Fig. 9 to be very similar below 800 Mev/c. At higher momentum, they
differ primarily in the way in which the inelastic cross section is
made up out of the various channels. All solutions have strong inel-
asticity in the 1 = 1 P3/2 channel.



In Fig. 10, we display for comparison the results of the most
recent analysis of K*p data by Cutkosky et al.1^) The plot shows the
real and imaginary parts of the Sl/2, Pl/2 and P3/2 amplitudes f,
both separately and in the form of Argand diagrams. These ampli-
tudes display the same general features as those in Fig. 9, re-
pulsion in Sl/2 and Pl/2 and attraction in P3/2, with much more
inelasticity in P3/2 than Sl/2 as we pass above 800 MeV/c.

From Figs. 9 and 10, we see that the only candidate for
an I = 1 exotic K*"N resonance is in the P3/2 cnannel. There has
been a great deal of discussion on whether the attraction which
occurs in this channel corresponds to a resonance pole. Several
analyses^*,19>22) have led to an extraction of a resonance energy
ER and width r for the P13 wave. Rough average values are

E_ ra 1800 MeV
^ (10)
r « 200 MeV

The elasticity parameter x is typically in the range 0.1 - 0.2 .
Thus the P13 corresponds to a very inelastic resonance at best.
In meson exchange models, the t-channel exchange of p, e, and
u> mesons21' does not produce sufficient attraction in the P13
channel to yield a resonance. Substantial additional attraction
from coupling to inelastic channels, particularly KA, is required.
Other analysesl5) do not find any need for a P13 resonance, but
indicate only sizable attraction in this channel. An analysis of
polarization and differential cross section data alone is not able
to provide a unique resolution of this question.

We now consider the results of phase shift analyses for the
1 = 0 K+N amplitudes1?, 19*23). AS an example, we show in Fig. 11
the phase shifts 6 and inelasticities 11 as a function of p 1 . for
the solutions A, C, and D of the BGET groupie). The analysis was
made using energy dependent parametrizations of Eqs.(3) and (M,
using fixed 1 = 1 amplitudes taken from an earlier work ''. We
show the various solutions to illustrate the range of possibilities^
in fact, solution A is very unlikely, at least near 600 MeV/c, since
it fails to reproduce the observed large polarization of the non-
spectator proton in the process lC"d -* K°pp ^°\ In addition, only
solution D produces a resonable fit to the recent high precision
total cross section data from Brookhaven2^). The description of
low momentum (< 1.5 GeV/c) 1 = 0 amplitudes involves more para-
meters than for 1 = 1 . It was in fact already suggested by early
emulsion results with kaons25) that 1 = 0 p-wave K^N interactions
are required at 300 MeV/c. The simplest way to produce the large
charge-exchange polarization which is observed1") is vie the
interference of a large attractive Pl/2 1 = 0 amplitude with the
dominant repulsive Sl/2 1 = 1 amplitude. The problem is that this
interference would ulso produce s backward peak in K+n -* K°p, which
is not observed. Thus some amount of D-wave is also needed to com-
pensate for this, an attractive D3/2 amplitude being the most like-
ly possibility (as in solution D of BGRT). In this picture, a
large attractive Pl/2 wave accounts for the dominantly elastic peak



in O"TOT(I = 0) around 800 MeV/c and the D3/2 wave contributes impor-
tantly to the inelastic cross section and produces the second peak in
OTOT(I = 0) around 1.2 GeV/c (see the data in Fig. 3). A large at-
tractive 1 = 0 Pl/2 amplitude is also predicted by dispersion rela-
tion sum rules26). Such an amplitude is also favored by the observed
shallow minimum at 90° in the angular distribution for K*n -» K^n 1 9 ) ,
Thus the evidence for a solution with a strongly attractive 1 = 0
Pl/2 wave looks impressive.

A more recent analysis by B.R. Martin1?) treats 1 = 0 and 1
amplitudes simultaneously, including some newer data not available
to the BGRT group. The Argand diagrams for the Martin analysis1!?)
are shown in Fig. 12. These results are qualitatively similar to
those of the BGRT groupl3,16)# in detail, however, there are con-
siderable differences.

The phase shift analyses indicate that only the Sl/2, Pl/2,
and D3/2 1 = 0 channels are possible candidates for exotic Zg
resonances. Martin1^) found no nearby poles on the second sheet
in any of the 1 = 0 amplitudes; Pl/2 has a low-lying pole which
lies outside the region where the continuation is valid. The
BGRT group1") has fit a Breit-Wigner form to their 1 = 0 Pl/2 am-
plitude. This gives a cm. resonance energy of E R « 17^0 MeV, T «
300 MeV and X <=* 0.85, suggesting a very broad but largely elastic
structure. As for the 1 = 1 case, there is considerable disagree-
ment in the literature on whether one or more of the 1 = 0 ampli-
tudes contain true exotic Z$ resonances or just moderate to strong
attraction. From the point of view of kaon-nucleus scattering, one
is not likely to be able to differentiate models which give e wide
Zg resonance from those which have a moderately strong attraction
but no resonance in the same channel. The most qualitative differ-
ences in the various models occur in the 1 = 0 Sl/2 channel. Some
models give strong attraction at low energies^1), while others give
weak repulsion1?) for Sl/2. Elastic and inelastic scattering of
K+ from nuclei at low energies may shed some light on this question.

We now turn to the theoretical interpretation of the kaon-
nucleon phase shifts. The quark model is unable at present to pro-
vide estimates of scattering phase shifts, but has been extensively
used to predict the Y* spectrum27) and, more recently, the possible
Z* resonances28). The three quark sector (Q3) in the SU(6) x 0(3)
version of the quark model27) incorporates essentially all the known
Y* resonances, and predicts numerous additional states which have
not yet been detected experimentally. We refer the reader to refs.
(27, 28) for a review of baryon spectroscopy in the quark model.
The recent work of Strottman29)_predicts the Z* resonances of nega-
tive parity which arise from Q^Q complexes with all quarks in S-
states. He used the M. I.T. bag model, the parameters of which are
adjusted to the spectroscopy of low-lying QQ mesons and Q3 baryons.
He finds Z* candidates in the following channels:

D03 D 1 3



The Sol and D03 states are indeed possible candidates for Zg in
some analyses, although, as we have argued above, the negative pari-
ty Pol is more likely. The main problem with (11) arises for 1 = 1 .
The only Zf candidate in the data is P13; the S ^ and D]^ phase
shifts are not only non-resonant, they are in fact repulsive.

Meson exchange models provide an alternative framework for
discussing the kaon-nucleon interaction. It is well known that much
of the physics of NN scattering at low energies can be explained
by meson exchange models30). It is very tempting to also adopt
such a viewpoint for the K+N system, since particle exchanges stand
out more clearly for such an exotic channel than for the KU system,
where their effect is somewhat masked by S-channel resonances. This
view has been developed in an elegant series of papers by Cotting-
ham et al. >31). The physical content of this approach is seen
by the consideration of a simple coordinate space potential model.
While this discussion is inadequate for a quantitative treatment
of the problem, it does reveal several key aspects of the physics.
Such a model can be constructed as in the nucleon-nucleon case.
The main differences for K+N are that a) there is no single n or
T| exchange term, and b) there are no tensor or quadratic spin-
orbit forces (since S K = 0). The dominant contributions come from
vector (p, tu) and scalar (e) meson exchange, and lead to potentials
of the form

V r ) " ^ ' ^ ( v S ( r ) •£•%*&<*»
V. (r)= v£(r) - £ • %

 v£s« (12)

V,(r) - "V0(r) - I ' S g V^(r)

where V Q and V^g are positive definite Yukawa functions.
The qualitative features of the K^N phase shifts can be under-

stood by considering the coherences between different components of
the meson exchange potentials. For instance, for 1 = 1 , all vector
mason and spin-orbit exchange terms are repulsive for j = 4 -1/2,
while all scalar exchange and spin-orbit terms are attractive for
j = 1+ 1/2. This produces a very large splitting of I = 1 P-wave
phase shifts, with Sp-^ > 0. Due to the absence of such overall
coherences for 1 = 0 , the difference 6poi - 6t>03 s^ou^d ^ e consi-
derably smaller than 6pi3 - 6p]j_. This behavior is indeed observed
in the empirical phase shifts. The potential model also tells us
that the strongest attraction for each L occurs in the PQI> D03
channels for 1 = 0 and P13, D15 for 1 = 1 . Thus P01 and P13 are
the principal Z* candidates which emerge, in agreement with a
number of analyses.

The essence of this naive coordinate space potential treat-
ment is found in more rigorous relativistic formulations of KN
scattering involving partial wave dispersion relations and the
multichannel N/D method32). Here, if one enumerates the main t-
and u-channel singularities, a good guide to the systematics of



partial wave amplitudes for nN and K*N scattering can be obtained
by including only the nearby singularities, i.e. the long range
fcrces. This discussion32) parallels that of the potential models,
and predicts a Z$ exotic resonance in the Pl/2 channel.

We now discuss the work of Cottingham and his collaborators2l>31)
This approach preserves the spirit of a non-relativistic potential
model, but is much more quantitative. The method involves first a
calculation of the two-pion exchange potential in K^-nucleon scat-
tering, using the Mandelstam double spectral function31> 33)# in
addition to the 2rt exchange contributions, 3« exchanges ere also
included, in the form of elementary exchanges of ou and $ mesons,
with coupling constants to kaons taken from the quark model. The
Blankenbecler-Sugar equation equation is then solved, with the driv-
ing term ("potential") taken as a sum of Feggeized meson exchanges.
This equation incorporates relativistic kinematics.

The I = 0 and S- and P-wave phase shifts obtained with this
approach^1) are shown in Fig. 13. The corresponding 1 = 1 phase
shifts are shown in Fig. lh. Since K*N and K& inelasticities are
not included the predicted phase shifts may be sensibly compared
with the results of phase shift analyses only below 0.8 GeV/c or
so. In this region, there is good agreement, both in sign- and mag-
nitude, between predicted and empirical phase shifts, with the
exception of the P3/2, 1 = 1 channel. Note that the 1 = 1 , Sl/2
wave seems to require a bit more repulsion, which may indicate the
need for a short range repulsive core. For 1 = 1 , P3/2, the cal-
culated phase shift is attractive and of the correct size at low
energy, but nowhere near as large as the empirical phase shift near
1.2 GeV, so no exotic resonance is indicated in this channel. The
driving mechanism for such a resonance, if it exists, must then be
the opening of the KA channel, which would provide additional at-
traction in an effective Ktw potential.

The work of ref. (31) was extended in ref. (21) to include the
coupling of the K*N channel to elastic scattering. The main effect
of this coupling is to augment the already sizable attraction in
the P01 wave, thereby increasing the possibility of an exotic Z$
resonance. Whether this wave actually resonates or not depends
on details of the model.

The most remarkable feature of this analysis21) is that the
S01 wave is attractive at low energies, becoming repulsive before
the inelastic threshold; This feature is not present in any exist-
ing empirical analysis. This result is somewhat sensitive to a
short-ranged rapulsive core. However, a core which eliminates the
low energy attraction would have to exhibit a rapid momenta depen-
dence in order not to make the higher energy phase shifts too re-
pulsive.

In the K*-nucleus situation, the presence of a sizable attrac-
tion in the SQJ. wave would tend to cancel out some of the repulsive
Syi contribution to the optical potential. The pattern of Coulomb-
nuclear interference would thus be altered at low energy. In addi-
tion, there would be a marked change of the selection rules for K*
inelastic scattering from nuclei. If the S ^ elementary amplitude



' dominates, we will excite mostly AT = 0 particle-hole states start-
ing from an N = Z target. If I = 0 and 1 amplitudes are compara-
ble, on the other hand, AT = 0,1 states will be more or less equal-
ly populated.

The meson exchange model of Cottingham and collaborators21>31)
provides a clear dynamical mechanism for Zg formation in tĥ e Po^
state. This is at odds with the conclusions of Aaron et al.^snd the
QrQ calculations2^ where it is argued that Z§ resonances are more
likely in the Sl/2 and D3/2 channels than Pl/2. In ref. (17),
the coupling of KN to K*N is included, using a three body formalism,
but the diagonal IĈ N -* K^N potential is hot treated as realistical-
ly as in ref. (21).

We now consider the corresponding situation for the K"N inter-
action. As displayed in Fig, 1, the low energy cross sections are
resonance dominated. The parameters of the Y* resonances were
given in Table IP>. There is considerable debate on the energies,
widths, and inelasticities of some of the Y* resonances. The
most recent extensive analysis is that of Alston-Gamjost et

The quantum numbers of the Y* resonances and their classifi-
cation into multiplets has been frequently discussed in' the context
of the quark model2?*2">35). in the usual form of the harmonic
oscillator quark model, the decay rates of resonances have beeri
analyzed in terms of an SU(6)W scheme^"). The relative signs of
decay amplitudes predicted by SU(6)^ enable one to group the ob-
served Y* resonances into multiplets. These multiplets corres-
pond most naturally in the oscillator quark model to SU(6) ® 0(3)
symmetry. The quark model predicts a number of Y* resonances
which have not yet been discovered, perhaps because they are too
weakly coupled to the KN channel. For instance, the SU(6) 8 0(3)
model predicts eight Y* resonances in the P13 channel37), whereas
only one (2(1385))is well established experimentally. Thus there
remain a number of uncertainties in the quark model description of
the Y* resonances.

We now discuss the Y* resonances in the context of the simple
potential model introduced in Eq. (12) for the K+N system. The mo-
del is less well motivated for the KN system, due to the presence
of many S-channel resonances, and the intrinsic multichannel nature
of the problem at low energy. However, as we shall see, the main
features of the level order of Y* resonances can be predicted in
this model, which thus serves as a useful mnemonic for understanding
the KN interaction at low and medium energies. Similar considera-
tions enter in the description of KN scattering via partial wave
dispersion relations and the H/D method32). Here one includes u-
channel exchanges as well, which are important for a quantitative
description.

The diagonal KN potential can be constructed from the K*N po-
tential of Eq. (12) by inverting the sign of the <u exchange poten-
tial.

Several features are evident from the form of the resulting
K"K potential:

i) the central part displays an attractive coherence of s and
0) potentials in all channels. For I = 0, p exchange further supports



this coherence* Thus KIT central potentials are always more attrac-
tive than K+N potentials, for which e and to tend to cancal. This co-
herence favors resonance formation for K-N systems.

ii) unlike K^N, there are no overall coherences of J& • s..
forces for K~N. However, p spin-orbit terms are the most~im-
portant, so channels with r» T A . SJJ > 0 gain additional spin-
orbit attraction. The K"S potentials can then be arranged in order
of decreasing attraction. This leads to the corresponding ordering
of Y* resonances which couple primarily to the KN channel

P01 * P l 3 < P H < P03
D O 3 < D l 5 < D l 3 < D O 5 ( 1 3 )

•j

and similarly for higher partial waves. A potential of the same
form as Eq. (12) can also be written down for the JtS channel, ex-
cept that the attractive u> exchange is now absent. Arguments simi-
lar to those outlined above enable one to order the Y* resonances
coupling mostly to the it £ channel

PO1<P11<P13<PO3 ' w

D03 * D l 3 K D l 5 < D05

Note that maximum attraction in both KN and Sit channels occurs for
I = 0, j = I-1/2. We thus expect a low-lying PQI, D03, FQJ, G07,...
band for both KN and Sit. Of course, these two bands are coupled,
since KN •• &t via t-channel K or K*(890) exchange or u-ehannel baryon
exchange. We expect two states in each channel Poi> DQO, e_tc., the
lowest lying member of the pair coupling more strongly to KN. This
is what is observed experimentally (Table 1). The 1 = 0 , 3 = £-1/2
KN band consists of

A (1115) A (1520) A (1815) A (2100) (15)
P01 D03 F05 G07

While the corresponding SJI band is

A (1600) A (1690) A (2110) (16)
P D F
roi 03 05

Note that in this naive "bootstrap" picture, the A itself is consi-
dered to be a bound state coupling most strongly to KN. This is
consistent with expectations based on SU(3) symmetry.

In summary, many features of the observed Y* spectrum can be
understood qualitatively in terms of simple potential concepts.
This discussion is of course somewhat old-fashioned compared to
the more modern classification scheme of the quark model. However,
the potential and quark models may be viewed in some respects as
offering alternative descriptions of some of the same phenomena.
For instance, the well-known (3,3) resonance may be interpreted as



a pion-nucleon composite or as a three quark state, so these two
descriptions ar^ complementary. Similar considerations apply to
the KN system. We emphasize the potential picture here in order
to render strange particle physics a bit more understandable for
nuclear physicists. Particle physicists are invited to consult
other references'^", 36) for a discussion in a language more fami-
liar to them.

In the potential language, the spin-orbit force plays a cru-
cial role in determining the level ordering of Y* resonances. For
instance, the strong spin-orbit component yields states with L / 0
which lie near or below the S-states, i.e. 1(1385) and A(152O).
Theoretically, we expect the strongest spin-orbit potential to
arise from p exchange. Rough estimates based on the SU(3) coupling
constants of ref. (31) yield

Now let us consider some particular K"-induced reactions of
interest for nuclear physics studies. The cross section for K"p -*
K°n charge exchange^ is shown in Fig. 15. The A(l520^ resonance
is clearly visible as a 5 mb enhancement at ^00 MeV/c; the "back-
ground" cross section (inmb) is approximstely ^TOT^~P -*'K°n) «
2.VPlab- Tlie dip at 730 MeV/c and the shoulder at 900 MeV/c seen
in Fig. 15 are due to the opening of the K"p -* A^ and 2°t] channels,
respectively. The largest charge.exchange cross sections on nuclei
(for energies where beams are available) are expected in the region
of 1.05'GeV/c, where the elementary cross section has a maximum.

The cross sections for the processes K~p •* iPlP, it°A, « £~
are shown37l in Fig. 16. These strangeness exchange reactions are
of great interest for the formation of A and E hypernuclei. Clearly,
hypernuclear formation experiments are most favorable below Piab =

1 GeV/c or so. Above this region, the elementary cross sections
decrease and the momentum transfer imparted to the nucleus increases,
so the A or S has less probability of sticking in the nucleus.

A variety of theoretical and phenomenological techniques have
applied to theanalysis of K~-nucleon scattering, including multi-
channel K-matrix3°J39) and M-matrix^0' fits, energy dependent^1'
and energy independent'2) partial wave analyses, gjUMfle channel
treatments^), studies of quasi-two-body channels^), etc. We do
not discuss these methods in detail here, but instead refer the
reader to a variety of review articles22'^>^6).
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Fig. 1 Total cross sections for K~- nucleon scattering in iso-
spin I = 0,1 states (5)
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Fig. 2 Total K - nuoleon I = 0,1 cross sections in the low moir.en-um
region p, . < 700 MeV/c. The solid curves are taken from .the

analysis of Martin (19); the points with small error bars are
from BKL data (5).



Fig. 3 K+N cross sections in the inelastic region above 700 MeV/c.

Fig. h Quark Model diagrams for the formation of Y* and Z* resonances.
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Fig. 5 Elastic scattering K+p angular distributions for p. .< 2 GeV/c (7).

Fig. 6 Differential cross sections for K p elastic scattering «>t very
low momenta (3).
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Fig. 9 Phase shifts 6 and inelasticities T| for I = 1 K - nucleon
scattering, according to the BGRT group (13).
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Fig. 10 S end P-wave amplitudes for K p scattering, from Cutcosky et al.
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Fig. 11 Phase shifts 6 and inelasticities "H for 1 = 0 K+N scattering,
according to the BGRT group (16).
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Fig. 12 Argand diagrams for I = 0, 1 K^N amplitudes from the parametrization
of Martir. ,19*.



Fig. 13 Phase shifts 6 for I = 0 S and P-waves of the K+N system, as
per Cottingham et al. (31).
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Fig. lU Same as Fig. 13 for I = 1 (31).
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Fig. 16 Total cross sections for the
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