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ABSTRACT 

KN scattering is of interest as a probe of nuclear structure and, more fundamentally, 
as a laboratory for the study of nonresonant hadron-hadron interactions. KN is a 
theoretically attractive channel because of its simplicity, having only S = 1/2, no 
one pion exchange contributions and no valence qq annihilation. It may therefore 
be useful for the study of short-ranged quark forces analogous to the NN repulsive 
core. Since there are two isospin states, comparison of two closely related ampli
tudes is possible. This contribution reviews the experimental status of S-wave KN 
scattering and related theoretical studies based on quark-gluon dynamics. The ex
perimental low-energy S-wave phase shift is well established for 1=1, but is not 
yet well determined for 1=0. The ratio of 1=0 to 1=1 scattering lengths is an in
teresting number theoretically, and may discriminate between different scattering 
mechanisms. A measurement of these scattering lengths at DAPHNE would be a 
useful contribution to low energy hadron physics. 

1 — K N scattering and the importance of being exotic 

KN scattering is interesting because it is rather simple. In a more repre
sentative hadron-hadron scattering process such as TT~P —» p°N there are at least 
three important scattering mechanisms, s-channel resonance formation, t-channel 
meson exchange, and short-ranged quark forces from overlapping quark wavefunc-
tions. With all three mechanisms present it is difficult to distinguish the individual 
contributions. In contrast, in flavor-exotic KN scattering the s-channel resonance 
diagrams are absent because the kaon's s antiquark cannot annihilate with the nu-
cleon's nonstrange valence quarks. Similarly the most important t-channel exchange, 



one pion exchange, is forbidden by angular quantum numbers; the lightest t-channel 
exchanges possible are the vector qq states, and these are suppressed by their higher 
masses. This implies that we may be able to see scattering due to quark-gluon 
interactions in KN without important complications from additional mechanisms. 

In this contribution we first discuss the experimental status of KN scat
tering, following which we review theoretical studies of KN using quark and gluon 
degrees of freedom. Here we primarily consider the short-ranged S-waves, which are 
the relevant amplitudes for near-threshold studies at DAPHNE. Although the higher 
partial waves are very interesting and exhibit large spin-orbit forces and possibly 
exotic "Z*" resonances, x) they are beyond the range of invariant mass which will 
initially be accessible at DAPHNE. 

2 — Exper imenta l s ta tus of low energy KN S-wave scat ter ing 

We begin by reviewing the status of experimental KN scattering lengths (abstracted 
from Barnes and Swanson 2)). Since there are unresolved disagreements between 
analyses in the 1=0 channel, we show all relatively recent (since 1980) single-energy 
S-wave phase shifts. These are Martin and Oades 3) (Aarhus and UC London, 1980); 
Watts et al. 4> (QMC and RAL, 1980); Hashimoto 5> (Kyoto and VPI, 1984); and 
Hyslop et al. 6> (VPI, 1992). The 1=1 data set analysed by Arndt and Roper 7> (VPI, 
1985) was incorporated in the 1992 VPI analysis. Fig.l shows these experimental 
1=0 and 1=1 S-wave phase shifts versus Pan = \Pcm\-

For 1=1, the linear low energy behavior which determines the scattering 
length is evident in the data, and Hyslop et al. cite a fitted value of afj^ — —0.33 fm. 
Previous analyses (summarized by Dover and Walker x) and Hyslop et al. 6)) have 
given values between -0.28(6) fm 8> and -0.33 fm. 6>9) 

In contrast, the 1=0 phase shift is not yet well determined experimentally; 
evidently it is negative and somewhat weaker than 1=1, but there is considerable 
disagreement between analyses. Since an extrapolation of this poorly determined 
quantity to threshold is problematical, the value of the 1=0 KN scattering length is 
not well established. Previous (favored) solutions for afl*Q up to 1982 are summarized 
in Table 2.3 of Dover and Walker, *> and range between +0.02 fm and -0.1lj:™f fm. 
There appear to be two sets of low energy values in the data of Fig.l, a smaller 
phase shift from the Aarhus-UCL and QMC-RAL collaborations and a larger one 
from from the Kyoto-VPI and VPI analyses. Below P^ = 0.4 Gev the Kyoto-VPI 
and VPI results are larger than Aarhus-UCL and QMC-RAL by about a factor of 
two. The VPI group 6) actually cite a scattering length of af^ = 0.0 fm, although 
this requires rapid low energy variation below the first experimental point. 

A more useful way to present the S-wave phase shift data is to show ^o/Pcm 
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versus P c

2

m ; the intercept is the scattering length, and the slope at intercept deter
mines the effective range. This is a "specific heat plot", motivated by the c/T versus 
T2 plots of metal specific heats used to separate the Fermi-distribution term oc T 
from the phonon term oc T3. In Fig.2 we show the S-wave phase shifts in this man
ner; an 1=1 scattering length of about —0.31(1) fm is evident. Since the 1=1 phase 
shift is close to linear for P ^ < 0.4 Gev (fe/at < 0.7 Gev), we assume that the 1=0 
phase shift is also approximately linear in P ^ for P ^ < 0.4 Gev. We can then 
read the 1=0 scattering length from the intercept in Fig.2. A naive extrapolation to 
threshold leads to scattering lengths of about —0.09(1) fm and —0.17(2) fm respec
tively from the two sets of references. In summary, the experimental phase shifts 
shown in Fig.2 suggest to us scattering lengths of 

«fci(esp*.) = -0.31(1) fm ; 

Aarhus-QMC-RAL-UCL 

Kyoto-VPI 

= -0.09(1) fm , 

= -0.17(2) fm . (1) 

We emphasize that the 1=0 values are our interpretation of the data in Fig.2, and 
the references cited quote smaller scattering lengths. Since the value of the 1=0 
scattering length is evidently controversial, an accurate determination should be a 
first priority at DAPHNE. 

3 — Theoretical mechanisms of hadron-hadron scat ter ing 

3.1 Meson exchange or quark forces or both? 

Two distinct mechanisms are widely assumed by theorists in models of hadron-
hadron scattering. In the first approach one treats hadrons as fundamental fields 
with an effective Lagrangian, and assumes that the scattering mechanism is t-channel 
meson exchange and s-channel resonance formation, and perhaps higher-order vir
tual hadron processes. This implicitly assumes dominance of scattering by processes 
involving qq pair creation and annihilation. The second mechanism assumes that 
scattering (in the absence of s-channel resonances) is dominated by the quark-gluon 
interaction in overlapping hadron wavefunctions, rather than qq annihilation or pair 
production. The question of the range of validity of these two mechanisms is an open 
issue; certainly at large separations one pion exchange is dominant when allowed, 
but at separations below a characteristic hadron length scale the scattering should 
be best described in terms of quark and gluon degrees of freedom. 1 0) 



One should note that t-channel meson exchange and quark interchange are 
physically distinct processes, since they go through different intermediate states, here 
q5q2 and q4q. This distinction makes it clear that both scattering mechanisms must 
be present, and our task is to determine the relative importance of each in a given 
reaction. This may require studies of nontrivial features such as spin-orbit effects in 
higher partial waves, which should be strongly mechanism-dependent. Isgur offers a 
confusion theorem u ) to the effect that it may prove difficult to distinguish higher-
mass t-channel resonance exchange from quark-gluon forces (quark-interchange am
plitudes in particular) because they have the same flavor flow in t-channel and both 
are short-ranged. Indeed, there is a danger than one type of model may effectively 
parametrize the other mechanism given sufficient degrees of freedom. 

Scattering processes such as KN—J-KN which exclude one pion exchange 
and s-channel resonance formation may allow us to address the important theoretical 
issue of the relative importance of quark forces and meson exchange. Although 
this paper is concerned with the description of KN scattering at the quark-gluon 
level, we note in passing that several studies of KN scattering using effective hadron 
Lagrangians have appeared in the literature. 1 2 ) These typically find a positive or 
nearly zero 1=0 KN scattering length, which is quite different from our quark model 
results. A measurement of af=0 should allow a choice between these models. 

The issue of the scattering mechanism has implications for nuclear physics 
as well. As an example, meson exchange models incorporate large contributions from 
t-channel vector meson exchange in KN scattering, and the Z-dependence of kaon-
nucleus scattering 1 3 ) has been attributed to a decrease in mass of exchanged vectors 
within the nuclear medium. 1 4 ) If an improved understanding of the mechanism of 
KN scattering leads to the conclusion that vector exchange is actually unimportant, 
this would necessarily modify the interpretation of this effect. 

3.2 KN scattering at the quark-gluon level 

Nine theoretical studies of the KN interaction using quark and gluon degrees of 
freedom have been published to date. These references, their methods, and the 
topics studied are as follows: 

1. I.Bender and H.G.Dosch, 1 5) resonating group; S-wave KN phase shifts (results 
only). 

2. H.J.Pirner and B.Povh, 1 6) (comments); spin-orbit effects in KN versus NN. 

3. I.Bender, H.G.Dosch, H.J.Pirner and H.G.Kruse, 1 7) resonating group; S-wave 
KN phase shifts (detailed calculation). 



4. D.Mukhopadhyay and H. J.Pirner, 1 8) resonating group; P-wave KN amplitudes. 

5. K.Maltman and S.Godfrey, 1 9 ) resonating group; possible Z* resonances. 

6. R.K.Campbell and D.Robson, 2 0 ) resonating group; S-wave KN phase shifts. 

7. P.Bicudo and J.E.Ribeiro, 2 1 ) resonating group (improved method); S-wave KN 
phase shifts, comparison with previous references. 

8. P.Ning, E.Zhao and P.Li, 2 2 ) resonating group; S- and P-wave KN phase shifts 
(discussion only, detailed publication in preparation). 

9. T.Barnes and E.S.Swanson, 2) quark Born diagrams (OGE and constituent 
interchange); S-wave KN phase shifts, possible Z* resonances. 

The results of these calculations differ in detail and are occasionally in fundamental 
disagreement. We will summarize their results for KN and note which aspects of 
these papers are controversial. 

The first extensive calculations of KN scattering were those of Bender et 
ah,ir) who used the lowest order QCD scattering process (one gluon exchange and 
constituent interchange) as the kernel in a variational resonating group calculation, 
with external SHO kaon and nucleon wavefunctions. This reference found a strongly 
repulsive interaction in 1=1 KN and a weaker repulsion in 1=0 KN, which gave S-
wave phase shifts quite similar to the data. They concluded that the dominant 
contribution to an 1=1 KN equivalent potential is the spin-spin hyperfine part of 
OGE; similar results have been reported for the NN repulsive core 2 3 \ This supports 
the suggestion that KN and NN scattering are closely related. 

Unfortunately, many aspects of the work of Bender et al. have not been 
reproduced in subsequent studies. Campbell and Robson 2 0 ) and find a small, nega
tive 1=0 phase shift but a large attractive contribution to the 1=1 phase shift from 
the kinetic term, which is treated as an interaction in the resonating group formal
ism. They also find considerable sensitivity to the wavefunctions and to a local 
approximation to the resonating group equations. Bicudo and Ribeiro 2 1 ) used an 
improved resonating group approach which allowed a more direct determination of 
phase shifts, and tested previous results; on comparing with Bender et al. using the 
same interaction, they find a much stronger 1=0 phase shift. In a similar comparison 
with Campbell and Robson, Bicudo and Ribeiro find a somewhat larger absolute 
scale for the KN phase shifts. This demonstrates the large systematic uncertainties 
which have accompanied resonating group studies of KN scattering amplitudes. 

Another disturbing conclusion of the Bender et al. work is that 1=1 KN 
scattering persists when the interaction is set to zero! (They find that the dominant 



effect in 1=1 KN scattering comes from quark antisymmetrization in the resonat
ing group formalism.) This remarkable claim clearly requires further theoretical 
study; this no-interaction scattering may be an artifact of the resonating group ap
proach, which can give spurious results when approximate external wavefunctions 
are used. 2 4 ) 

There have also been studies of the higher KN partial waves, notably the P-
waves. These are especially interesting because one of these flavor-exotic amplitudes 
(601 : 7 = 0,2J = 1) may show resonant phase motion. Pirner and Povh 1 6 ) noted 
however that a KN spin-orbit potential abstracted from a fitted NN one gives a 
good description of the four KN P-wave phase shifts (I = 0,1; 2 J = 1,3), so the 
KN and NN spin-orbit interactions may actually have the same nonexotic origin. 
Mukhopadhyay and Pirner 1 8 ) subsequently found that OGE forces in a resonating 
group calculation fail to explain the S01 KN phase shift, although the other three 
P-waves were close to experiment. Thus there may be a "spin-orbit problem" in the 
KN P-waves. This should be regarded as an unresoved issue, however, because a 
recent paper by Ning, Zhao and Li 2 2 ) states (without showing details) that these 
P-wave phase shifts can be described satisfactorily by an OGE interaction in a 
resonating group formalism. 

3.3 KN phase shifts using quark Born diagrams 

Evidently there is considerable systematic uncertainty in the hadron-hadron scat
tering amplitudes found using resonating group techniques, at least in KN. In a 
recent series of papers 2 ' 2 5 ' 2 6 ' 2 7 ) we have advocated a much simpler approach to 
hadron-hadron scattering at the quark-gluon level. We simply derive the lowest 
order scattering amplitude from a single interaction (usually OGE) between exter
nal hadron wavefunctions (from the nonrelativistic quark model), followed by con
stituent interchange to restore color singlet hadrons. We refer to these scattering 
diagrams as "quark Born diagrams". This method has been applied to 1=2 7T7r 2 S ) 
and 1=3/2 Kir 2 7 ) with excellent results. These reactions are similar to KN since 
they have no valence qq annihilation and one pion exchange is forbidden. Since the 
kernel is completely well defined we have no ambiguities in the calculation, and for 
realistic quark model parameters we can test the implicit assumption that a sin
gle interaction dominates the amplitude. Similar techniques have been applied to 
meson-meson scattering by Masud et al. 2 8 ) and by Blaschke el al. 2 9 ) 



In the KN case the four independent quark Born diagrams are 

A (2) 

Dn (3) 

D* (4) 

DA (5) 



We assume hyperfine dominance of the KN scattering kernel as found by 
Bender et al. 1 7 ) and neglect the other OGE and confining terms, so our scattering 
Hamiltonian is 

Ht scat 
87ra s 

3mt-m_j 
6{fa) Si • Sj rpa. spa. (6) 

The matrix element of this Hamiltonian between KN states consists of pos
itive definite wavefunction-dependent overlap integrals (specific to each diagram) 
times a color-flavor-spin weight factor for each diagram. This weight factor is 
a channel-dependent group-theoretic number which is independent of the spatial 
wavefunctions. For the two KN isospins the weight factors which multiply diagrams 

r 1 i n 

(7) 

and 

rf=

No=[0, | , 0 , l 

l ^ J i = i - [ 3 , 1 8 » 3> 1 8 (8) 

Since the overlap integrals are all positive and are comparable near threshold, this 
tells us that both KN channels are repulsive (positive (KN\Hi\KN) matrix ele
ments) and that 1=1 dominates 1=0. 

Although we have general integral formulas for the scattering amplitudes 
for any spatial wavefunctions, it is interesting to specialize to SHO wavefunctions, 
since the matrix elements can be derived analytically and the wavefunction momen
tum scales a (baryons) and /3 (mesons) are known. The detailed derivation is given 
elsewhere; 2) here we simply cite the results for phase shifts and scattering lengths 
for the KN S-waves; these are 

fiKN _ 
'3m*q(EK + EN)^ Y,v>irHe>v{-AiPL)io(BiPL) 

and 
n K N -aI — 

4a s MKMN •Y, wnii 

(9) 

(10) 
3m2. (MK + MN) £ j 

The wavefunction-dependent quantities 77,-, A,- and B, are given by Barnes and Swan-
son. 2) One specifies the isospin state 1=0 or 1=1 through the choice of the diagram 
weights {wi}. The final results for the scattering lengths are 

MKMN 
aI=X = 

4=a3 

'Zm*(MK + MN) 

3/2 

+ r p ( 
<9-L3 18Vto + 6y 3^V^ + 3 ; 18 ^V 

12g \ 3 / 2 

.(2g + S)(g + 2)J (11) 



and 

nKN _ 4o:s MKMN r 1 / 12g \ 3 / 2 1 / 12g \ 3 / 2 1 ' 
1 = 0 3 m 2 (Jkfc + MAT) L 6 V7<7 + 6J * 6 ^(2<7 + 3)(<7 + 2)7 J ' l ; 

These are functions of the three parameters as/m2, p = mq/ms, g = (a/ft)2 

and the physical masses MK and Mjv- If we use a representative quark model 
parameter set as/m2 = 0.6/(0.33)2 Gev - 2 , p = mq/ms = (0.33 Gev /0.55 Gev) = 
0.6, a = 0.4 GeV and /? = 0.35 GeV, we find scattering lengths of 

o g j = -0.35 fin (13) 

and 
a g j = -0.12 fm . (14) 

These compare well with experiment (1), although it is clearly important to improve 
the experimental 1=0 number. 

The ratio o ^ o / a ^ is especially interesting because the OGE strength 
cta/m2, and the physical hadron masses MK and MN cancel, leaving only p = mg/ms 

and the relative length scale g = (a/ft)2. Since a/fl is near unity, the quark Born 
calculation leads to a^/af^ « +0.3 (see Fig.3 of Barnes and Swanson 2)). Since 
t-channel meson exchange models usually predict this ratio to be negative or near 
zero, a measurement of af]*Q may allow experiment to distinguish between the two 
scattering mechanisms. A compilation of various predictions is given in Table 6-4 
of Hyslop. 9) 

Although we find very reasonable KN scattering lengths with, conventional 
quark model parameters, when we compare the predicted S-wave phase shifts (9) 
(Fig.3, dashed line) with experiment well above threshold, it is clear that the pre
dicted scattering is weaker than observed. A three-parameter fit to the full 1992 VPI 
1=0,1 energy independent S-wave data set 6) gives a very satisfactory description 
with as/m2 = 0.59/(0.33)2 G e v - 2 for the OGE interaction strength and nucleon and 
kaon scales a = 0.68 GeV and /? = 0.43 GeV (Fig.3, solid line). The largest change 
in the fit is the nucleon length scale a" 1 , which is about 0.7 times conventional quark 
model values. This may imply that the usual single-Gaussian SHO wavefunctions 
with a FH 0.4 GeV are too smooth, which becomes apparent only as the momentum 
transfer is increased. This should be tested using more realistic Coulomb plus linear 
wavefunctions, which may have sufficient support at higher momentum scales to 
explain the observed S-wave phase shifts. 
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Figure 1: Recent experimental results for S-wave KN phase shifts. (Solid is 1=1, 
open is 1=0.) 
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