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Short-range repulsion and isospin dependence in the kaon-nuclediiKN) system
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The short-range properties of the kaon-nucle&N} interaction are studied within the meson-exchange
model of the Jlich group. Specifically, dynamical explanations for the phenomenological short-range repul-
sion, required in this model for achieving agreement with the empiKdéldata, are explored. Evidence is
found that contributions from the exchange of a heavy scalar-isovector niagt®80)] as well as from
genuine quark-gluon exchange processes are needed. Taking both mechanisms into account, a satisfactory
description of theKN phase shifts can be obtained without resorting to phenomenological pieces.
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I. INTRODUCTION pletely in terms of conventionab exchange came from sub-

) ) ~ sequent investigations of théN system[3]. In a meson-
The kaon-nucleonKN) system provides an ideal setting exchange model like the one developed by thchigroup
for studying short-distance effects of the hadron-hadroqhere is a close connection between K¢ andKN interac-

force. This is because pions play a much Iess_lmportant_rolﬁons due toG-parity conservation. Specifically, this means
in the KN system than in the most extensively stud|ed,[hat the repulsivas exchange changes sign fir N, be-

ntL]JcIeon-_nuc;eon I‘_@N)Hésl\yl/s_tem. Indeed,dtr;]e one-pt|)on. €X* cause of the negativ@ parity of thew meson, and becomes
change Is absentin t Interaction and the contributions o5 ctive, A large contribution from the exchange as fa-

from 2ar exchange to the mteractpn seem to be weaker tha(}ored by theK N Swaves turns then into a strongly attractive
in the NN system. Under such circumstances one expect iece—which is indeed much too strong to fit the N
that short-distance effects can be most easily isolated fro ata[3].

the attractive medium-range background and that possibly
effects from explicit quark-gluon degrees of freedom can beas t

|de£t||f|ed. body of K lated in the last 50 tive contribution that parametrizes besides the “physical”
arge body of work accumuiated In the fas yearsexchange also further shorter-ranged mesonic contributions

indicates that meson degrees of freedom are very efficient fof genuine quark-gluon effects or both. This was shown by a
describing low-energy hadron-hadron interactions. In par- :

ticular, for theKN system, a few years ago thdidh group model analysis where the coupling constants ofdéh@eson

. (Okke» InNe) Were kept at their S(B) symmetry values and
presented a meson-exchange model forkHe scattering an additional phenomenologic@xtremely short-rangede-
[1.2] Reference[l]_ conS|d_ere(_JI single bqson eXCh"‘m(.;*espulsive contribution, a &,¢,,” with a mass of about 1.2
(o,p,w), together with contributions from higher-order dia- rep
grams involvingN, A, K, and K* intermediate states. It GeV was added—see Figsial and ](b)'. ,
turned out that thé}V\;avé observables dfN experimer{ts In Ref. [2] the model was further refined by repl_acu_ag
could only be described with the model if the value of thef”mdp eéchange by tphe correlatedrzexchangg contrlbu_uon
KKw coupling constant is increased about 60% above the the J :.0+ andJ'=1" channels, respectively, as illus-

frated in Fig. 1c). This was done by starting from a micro-
value that follows from the S(3) (quark flavoj symmetry. . A gy
Specifically, the increased value of tH&« coupling con-  SCOPic model for thé-channel reactiolNN— KK with 7z
stant was strictly necessary to obtain $aave low-energy (andKK) intermediate states and using a dispersion relation
parameters and the energy dependenceSefave phase over the unitarity cut. Such a realistic model(effective o
shifts for both isospithi=0 andl =1 channels. However, this and p exchange was then used to reconstruct an extended
increased value leads to additional repulsion in hand  meson-exchange model fé&N scattering. But again, as in
higher partial waves which seemed to be not favored by th&ef.[1], the addition of a phenomenologiaal., was essen-
empirical data, especially in tH,; andP,; channels. Thus,  tial to describe the data with the $8) KKw coupling con-
it was concluded in Ref1] that the required additional con- stant.
tributions must be much shorter ranged thandhexchange. One possible interpretation for the need of a very short
Further evidence for the conjecture that the repulsiorfanged repulsion, shorter ranged than that providedwby
needed to describéN scattering cannot be interpreted com- €xchange, is that quark-gluon effects are playing a [ble
The study of th&KN interaction in the context of quark mod-
els has a long history since the 198@$ More recently, the
The spectroscopic notation used is such that a partial wave witgubject has gained renewed interest with the works of Barnes
angular momentunt,, total angular momenturd, and isospin is ~ and Swansof5] and Silvestre-Brac and collaborat¢6s-8].
denoted byL, ,;. The main ingredients in the calculations of both groups are

he conclusion from those results was thaexchange,
reated in this model, can only be interpreted as an effec-
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N K ing theay(980) exchange, and where the very short ranged
,: part of theKN interaction is described by quark-gluon ex-
Al K* change, instead of the phenomenologieal,. We construct
‘: an effectiveKN potential from a microscopic nonrelativistic
N K quark model from the interquark exchange mechanism and
(a) use all components of the OGE interaction. These include the
Coulomb, spin-independent contact, and spin-orbit interac-
tions. In addition, we use a linearly rising potential to repre-
sent quark confinement.
N The paper is organized as follows. In the following sec-
AT tion we describe thé&N meson-exchange model of the-Ju
lich group. In Sec. Il we provide an overview of studies on
the KN system that were carried out in the framework of the
quark model. In Sec. IV we present and discuss our results.
Specifically, we investigate the consequences of replacing
the phenomenologicabe, of the Jlich model by quark-
gluon exchange. Our conclusions and perspectives are pre-
sented in Sec. V. The Appendix presents the expressions for
the effectiveKN potentials in the quark model.

Il. THE JU LICH KN MODEL

The Jilich meson-exchange model of theN interaction
has been widely described in the literat{ite2,9,10 and we
N K refer the reader to those works for details. Here we will only
v, K . summarize the features that are relevant to the present study.
The Jilich meson-exchange model of tieN interaction
was constructed along the lines of ttfiell) BonnNN model
N [11] and its extension to the hyperon-nuclednN) system
[12]. Specifically, this means that one has used the same
(c) scheme(time-ordered perturbation thegrythe same type of
processes, and vertex paramet@supling constants, cutoff
masses of the vertex form factpfixed already by the study
of these other reactions.
The diagrams considered for th€N interaction are
shown in Fig. 1. Based on these diagrani§NpotentialV is
the nonrelativistic quark model and a quark interchangd&lerived, and the corresponding reaction amplitiide then
mechanism with one-gluon exchan@®GE). One important  Obtained by solving a Lippmann-Schwinger type equation
conclusion of these calculations is that the derit@d inter-  defined by the time-ordered perturbation theory,
action is short ranged and repulsive, and strongly isospin
dependent. As we discussed above, although in thiehJu T=V+VG,T. (1)
model the overall strength and energy dependence ofthe
wave phase shift K "N scattering can be obtained by aug- From this amplitude, phase shifts and observaliesss sec-
menting the value of th&Kw coupling, theP and higher tions, polarizationscan be obtained in the usual way.
partial waves do not come out right and the introduction of ~As seen in Fig. 1, obviously the lith model contains not
the exchange of a fictitious scalar particle with repulsiveonly single-mesorfand baryon exchanges, but also higher-
character was essential for this matter. In view of this, theorder box diagrams involvinglK*, AK, andAK* interme-
substitution of an isospin independent,, by a strongly diate states. Most vertex parameters involving the nucleon
isospin-dependent quark-gluon dynamics is not trivial andand theA (1232 isobar can be taken over from ttull)
apparently bound to fail. However, we note that in both RefsBonn NN potential. The coupling constants at vertices in-
[1,2] the ap(980) meson was left out without any apparentvolving strange baryons are fixed from tkié\ model(model
reason. This meson, being a scalar isovector, is an importaft of Ref. [12]). Those quantities gdyak, Insk, InNv*k)
source of isospin dependence and it has a mass not mut¢tave been related to the empiriddN7 coupling by the
larger than those of the other mesons considered in thassumption of SU6) symmetry, cf. Refs[1,2].
model. Thus, it can, in principle, play an important role in  For the vertices involving mesons only, most coupling
the isospin dependence of tKeéN interaction. constants have been fixed by &Jrelating them to the em-
The main motivation of our paper is to investigate thepirical p— 27 decay. Exceptions are the coupling constants
energy and isospin dependences of K¢ interaction in a  Jxk, andgkk. . Which have been adjusted to tKeN data
hybrid model, in which the Jich model is extended by add- for the following reason: The- meson(with a mass of about

FIG. 1. Meson-exchange contributions KN scattering in the
Juich model[1,2]. Diagrams(a) and (b) define the model of Ref.
[1] and diagranic) is the correlated 2 exchange calculated in Ref.
[2], which was parametrized by diagrai@ in Ref.[1].
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600 MeV) is not considered as a genuine particle but as a TABLE I. Vertex parameters used in theligh KN model 1[2].
simple parametrization of correlatedrexchange processes Numbers in parentheses denote corresponding values of the model
in the scalar-isoscalar channel. Therefore, its couplingliscussed in the present paper, when different.

strength cannot be taken from symmetry relations. Concerr=

ing thew exchange it was found that a much larger strengttf’rocess ExchangedM, orm:® guga/dn®  A,° Ay
than obtained from S(3) was required in order to obtain particle  (MeV) [fi/91] (GeV) (GeVv)
sufficient short-range repu_lsion for a reasorjable descriptioR n_, kN . 600 1.300 1.7 15
of the SwaveKN phase shift§1]. Thew couplingggk,, had (1.000 (1.2
to be increased by about 60% over the symmetry value— o 1200 _40 15 15
quite analogous to the situation in tNeN system[11]. How- ee ) GO
ever, such an increasesl exchange turned out to be in con- ag 980 X

tradiction with the empirical data oR- and higher partial
waves. SpecificallyPy; and P,3 do not really demand addi-
tional repulsive contributions. Thus, it was concluded that
the additional repulsion should be of rather short-ranged na-

(2600 (1.5 (1.9
7826 23140 15 15
769 077361 14 16

ture. Such a contribution would still allow to obtain a rea- 1116 0.905 4.1 4.1
sonable description of th& waves, but would leav® and 1193 0.031 4.1 4.1
1385 0.037 1.8 1.8

higher partial waves basically unchanged.

As a consequence, thelidgh group presented a mode
where the coupling strengths for baffyy, and ggk. were
kept at their SUB) values. At the same time, a phenomeno-KN—K*A
logical, very short ranged contribution was added. This phe-
nomenological piece has the same analytical fornrax- ~ KN—KA
change, but an exchange mass of 1200 MeV and, mosE:
importantly, an opposite sign. Accordingly, it was denoted

138.03 3.197 1.3 08
769 077861 14 1.0
138.03 0.506 1.2 08
769 4.839 1.3 1.0
769 4.839 1.3 16

[ KN—K*N

T 3D 3 SM>0 8

ass of exchanged particle.
bProduct of coupling constantsatio of tensor to vector coupling

Trep- . L ‘Cutoff mass.
In a subsequent investigation th€¢600) and also the el-

ementaryp were replaced by a microscopic model for cor- .
related 27 (and KK) exchange between a kaon and a Bames and Swanson use the quark-Born-diagi@BD)
nucleon, in the corresponding scalar-isoscalar and vectof€thod[13]. In this method, the&KN scattering amplitude is
isovector Channe|$2]_ The Starting point for this was a assumed to be the coherent sum of all OGE interactions fol-
lowed by all allowed quark line exchanges. The input to this
— . ) method is the microscopic quark-quark interaction and kaon
KK states, based on a transition in terms of baryorny 4 nycleon wave functions. Barnes and Swarj&drused
(N,A,A,%) exchange and a realistic coupled chanmet  yhe contact spin-spin “color-hyperfine” component of the
—mm, mm—KK, andKK—KK amplitude. The contribu- OGE and used Gaussian wave functions for the interacting
tion in the s channel is then obtained by performing a dis- hadrons, which allowed them to evaluate #i scattering
persion relation over the unitarity cut. But also in this modelamplitude analytically. They calculated isosgir 0 and|
the phenomenological short-rangeg, was needed in order =1 scattering observables such &s/ave phase shifts and

to achieve agreement with the empirical phase shifts. scattering lengths. The model has only two parameters, the
Since the results of Reff2] indicate that the contributions  yatio of theu,d to s quark massesy= mg/ms, and ag/m?,

of the correlated & exchange in the scalar-isoscalar channelynere o4 is the quark-gluon coupling constant. By using

are in rough agreement with the effective description bytypical quark-model parameters and using the Born approxi-
o-exchange used in Refl], we will employ the latter in the  mation, Barnes and Swanson obtained very reasonable re-
present investigation for simplicity reasons. Specifically, wegts for theS-wave phase shiftes].
will use theKN model | presented in Ref2]. The param-  The studies of Silvestre-Brack and collaboratfés-§]
eters of t_h|s model are summarized in Table |I. ReSU'“”Qbomplement the work of Barnes and Swanson in several as-
phase shifts for the lisgh model | [2] will be shown and pects. First of all, Refd,6—8] employ the resonating group
compared with empirical data in Sec. IV. Further reSU“S’method(RGM) instead of the QBD method. The main dif-
including scattering observables, can be found in R&f. ference between the two methods refers to the way orthogo-
nality effects in the relativdKN wave functions are treated.
These are effects due to the Pauli principle for quarks in
different clusters. It can be showni4] that the differences

In this section we briefly review the salient features ofbetween effective hadron-hadron interactions calculated with
model calculations of th&N interaction that are based on both methods are usually small, although not entirely negli-
quark-gluon exchange and derived within the nonrelativistiagible. In Ref.[6] the authors calculat&wave scattering
quark model. Specifically, we will focus on the more recentphase shifts using the Coulomb, spin-spin, and constant con-
calculations of Barnes and Swansi@] and Silvestre-Brac tact pieces of the OGE quark-quark interaction. In addition,
and collaborator§6—8§|. they include the exchange of and o mesons—considered

model for the reactioNN— KK with intermediate 2- and

lII. THE KN INTERACTION IN THE QUARK MODEL
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FIG. 3. KN phase shifts. The solid lines are the result from the
full quark-model calcuation described in the text. Experimental

FIG. 2. The four quark-interchange kaon-nucleon scattering diaPhase shifts are taken from Refd6] (open circleg [17] (open
grams. squarel and[18] (filled circles and pluses

(b) (d)

as elementary particles—between quarks, and a linearly risSwansor{5]. In order to iterate the potential in a Lippmann-
ing confining potential. The same quark-quark interaction isSchwinger equation one needs the off-shell amplitude. For
used to build thé& andN wave functions and to generate the this purpose, we have calculated the contributions of all re-
KN interaction. The parameters are constrained to reprodud®aining components of the OGE to tke"N effective po-

the low-lying meson and baryon spectrum. The main conclutential within the framework of Ref.14]. We found that the
sion of this study was that it is impossible to describe bothspin-spin component of the OGE gives by far the most im-
I=0 and|=1 isospin channels simultaneously within the portant contribution to th& "N effective potential.

model. Relativistic kinetic energy effects were investigated For illustrative purposes we present, in this section, the
in Ref.[7]. The results obtained for th®waves, for which ~phases calculated in Born approximation—in the following
one expects such effects to be more important, were ndection the OGEKN potential is iterated in the Lippmann-
much different from the corresponding nonrelativistic ones Schwinger type of equation, E(L). In Fig. 3 we present the

In Ref. [8], scattering phase shifts fro® up to G waves S andP-wave phase shifts resulting from the OGE and the
were calculated. The difference from RE8] is that a spin-  confining interaction. The higher partial waves are very
orbit interaction was added to the OGE and confining piecesmall and are not shown. The experimental data points in this
used there. No meson exchanges between quarks were cdigure are taken from Ref$16-18. The analytical expres-
sidered. The parameters were again fixed by requiring a gocgions for theKN potential are given in the Appendix. The
description of the low-lying meson and baryon spectrumparameters of the potential are the masses of the constituent
The results obtained are such that the0 Swave phase quarks,my(=my=my) and mg, the quark-gluon hyperfine
shift is reasonably well described, while the correspondingcoupling e, and the size parameters of the nucleon and
I =1 is too repulsive. Thé and higher partial-wave phase kaon wave functionse and 8. We use the “reference pa-
shifts are poorly described, with the exception of g, rameter set” of Barnes and Swangai, which contains con-
Di3, Dy5, andG,q phases. Thé,, phase, for example, is ventional quark model parameters. These are

predicted to be almost zero, while the corresponding experi-

mental phase grows from zero up to 60°pat, =1 GeV. p=mq/ms=0.33 GeV/0.55 Ge¥ 0.6,
The results of Silvestre-Brac and collaborat¢6s—8]
clearly indicate that the quark-interchange mechanism with ozs/m§=0.6/(0.33)2 GeV,
OGE alone is not sufficient to describe tké N data. How-
ever, it seems to provide at least enough strength Sor a=0.4 GeV, B=0.35 GeV. (2

waves. In view of the discussion above on théchumodel,

we investigate here the substitution@f,, in that model by ~ The string tension of the confining potential is taken to be
the quark-interchange mechanism with OGE. Recently, one=0.18 Ge\f [19]. In addition, when calculating the phase

of us[15] has derived the contribution of the spin-spin partshifts we use the physical masses of the nucleon and the
of the OGE to the central part of théN interaction using the kaon, My=0.940 GeV andM=0.495 GeV. Figure 3
mapping formalism developed in Rdfl4]. The different shows thatS waves are reasonably well described by the
contributions to th&K "N effective potential from the quark- model, although thé=0 phase agrees less well with the data
interchange mechanism are illustrated in Fig. 2. The on-shelit higher energies. The fit can be improved slightly by choos-
KN amplitude is identical to the one derived by Barnes andng another set of parameters, as done by Barnes and Swan-
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- O] by the dash-dotted lines in Fig. 5. If we switch off the con-
N tribution from the phenomenologicat,., and add the con-
0k - N N b .
- N a5+ N 1 tribution from one-gluon exchange instead we obtain the
g T N short-dashed lines. The parameters of the quark model are
% 15| T a0 \\\____ the same as in the preceding section. We see that the OGE is
indeed capable of producing repulsive contributions which
Sos Si are of a comparable order of magnitude as the one of the
Sor = 1 45 = phenomenologicab . Indeed, after the discussion in Sec.
P,, Il this could have been expected. However, it is definitely
- 0 ettt surprising that for theés;; partial wave the results with OGE
§ 20 1T 1 U= —— (and withouto ) are almost identical to the ones of the
g ey original Jiich model. In case of th&y;, the situation is
R e S B | e i somewhat less satisfying. Here the repulsion provided by the
P, +s0 OGE is significantly smaller than the one parametrized by
20 o , 305 S . the oep. This is simply a consequence of the isospin depen-
b, [GEV] Py [GeV] dence inherent in the OGE—the phenomenological, is,

of course, per construction an isoscalar. The higher partial
FIG. 4. KN phase shifts resulting from various contributions of waves(in the | =0 as well as thé =1) are again only mar-
the quark model, cf. Appendix: Coulomldlash-dotted ling spin  ginally changed as compared to the original results—
orbit (pluse$; confinement(short-dashed ling contact spin-spin testifying that also the OGE is of rather short range.
(long-dashed ling contact constantsolid line). The above results can be seen as an indication that the
OGE is not the only short-range physics that is parametrized
son in their study of th&wave phase shift]. In this paper  py the oy, of the Jlich KN model. (Indeed, one might
we maintain the reference set, since the general trend of ﬂ'@'gue that this could have been a||’eady guessed from the
higher partial waves will not be modified by a change of thegifference in the isospin structuyeBesides possible higher-
quark model parameters. order contributions resulting from quark-gluon dynamics,
In Fig. 4 we show the separate contributions of the OGEgne should not forget to take into consideration further
and confining interaction t8 and P phases. The dominance shorter-ranged mesonic contributions. Indeed, the exchange
of the spin-spin component of OGE is clearly seen. The conopf the a,(980) meson, which is a scalar-isovector particle, is
fining interaction gives a very small contribution to all 3 natural candidate for this. With its mass of about 1 GeV its
waves, and the only noticeable effect from the other compocontributions are definitely of short-ranged nature as re-
nents of the OGE is the one from the Coulomb partinSfie  quired. Furthermore, its isospin structure leads to attractive
wave. contributions in thd =1 channel but to repulsive contribu-
tions in thel =0 channel. Thus, it complements the isospin
IV. RESULTS AND DISCUSSION dependence of the OGE in an almost ideal way and in con-
junction with the latter would lead to contributions that are
As discussed in the last two sections, Hb interaction  almost isospin independent—as those of the phenomenologi-
in the low-energy regionfap<1 GeVic) can be well un-  cal o,e,. The ag(980) meson is taken into account in the
derstood within the meson-exchange picture. However, onnNN model[11] (it is denoted a$h meson therge How-
good quantitative overall description of the data can only besver, for unexplained reasons, it was not included in the
achieved by adding a phenomenological contribution that igriginal Jiich KN model. Subsequent investigations of the
extremely short ranged and repulsive—and therefore affectgiiich group on the structure of thay(980) meson sug-
essentially theS waves only. At the same time, interaction gested that this resonance can be understood in terms of
models based on quark-gluon degrees of freedom yield only oy correlations in ther-KK channel[21]. Thus, the
a mediocre overall reproduction of theN phase shifts. —
However, the predicte8 waves are in fairly good agreement
with empirical results, suggesting that at least the short

trﬁggoende%?&)ﬁfetzgﬁ:nlgneter;a;éfgn;:rr\:vterllla??;?#gtggr;?r: a?t/ ir43_>onn/J'llich models of hadronic reactions to consider the
gredient in those quark models. It is, therefore, tempting tOcontributions of theay(980) meson, and indeed it is included

combine the contributions of those two complementary apln the more recently developed models of thél [22,23

proaches to th&N force. Indeed, such a procedure is in theandYN [24] interagtions. Following the argumen'gs in Res.
spirit of the originalKN model of the Jlich group where it [21,22 we do not view thea, exchange as a genuine meson

was suggested that the short-ranged phenomenological pie%échange .bUt rather as a parametrlzatlon of correlations in
added in this model might be an effective parametrization ot € mesonic _systems in the §calar-|sovector channel. There-
either further short-ranged mesonic contributions or of genu-Ore we COF‘S"?'er theio coupling constan;s as free param-
ine quark-gluon effects or botft,20]. eters. In prmuple,gKKiO could be determined from tha,
Results for theKN phase shifts of the original lich decay width into th&KK system. However, the experimental
model(note that we use here model | of REZ]) are shown information on this quantity is still very poor, cf. RdR5],

situation is similar to the strong#-KK correlations in the
scalar-isoscalar channel that are usually effectively param-
etrized by theo meson. Accordingly, it is in the spirit of the
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FIG. 5. KN phase shifts. The dash-dotted lines are the phase shifts of the origiichl todel | from Ref.[2]. The short-dashed line
shows results where the phenomenologiegl, in the Jiich model is replaced by the quark-model contribution. Addingahexchange
contribution yields the long-dashed line. The solid line is obtained after refitting the parametersrofSaene description of experimental
phase shifts as in Fig. 3.

and thus cannot provide more than a guideline. Note that ititative description of theKN interaction can be achieved
the a, exchange the product of tHéNa, and KEaO cou- With a model that avoids phenomenological contributions
pling constants appears, and therefore we list only this prodike the o¢, of the original Jlich model.
uct in Table 1. Finally, we want to address the question whether a de-
Results including nova, meson exchange as well as the scription .Of thEKN interaction iS' p'ossible' Wlthln the lich
OGE contributions are shown by the long-dashed lines irmodel without introducing explicit contributions from the
Fig. 5. The coupling strength of the, exchange has been OGE. Treating the coupling constants of threand a, me-
chosen in such a way that the model prediction for §gg ~ SONS as completely free parameters we were mdeed_ able to
partial wave agrees roughly with the result of the originalobtain a reasonak_)le reproduction of _'ﬁﬁ and Sy par_t|a|
Juich KN model. As can be seen in Fig. 5, the inclusion of waves. However, it could only be achieved by assuming that
the a, exchange influences also theN P waves in thel the o-exchange contribution is basically zero. Of course, this
=0 channel, i.e., th®y; and Pyz, whereas all other higher is completely unrealistic in view of the results obtained for
partial waves remain basically unchanged. As a matter ofhe strength of the correlated two-pion exchange in dhe
fact, the present model based ap meson exchange and channel in Ref[2]. Moreover, the description of the higher
OGE contributions yields pretty much the same results as theartial waves deteriorates significantly if the-exchange

original Jilich model utilizing the phenomenological,.,. ~ contribution is so strongly reduced.

Minor differences occur only in th&,; partial wave, which

turns out to be now somewhat too less repulsive in compari- V. CONCLUSIONS AND PERSPECTIVES

son to the data. Thus, as a last step, we have slightly read-

justed the parameters of tikemeson, cf. Table I, which then In this paper we have studied the short-range properties of

leads to the final results shown by the solid lines in Fig. 5the KN interaction. In particular, we have taken theN
Those results provide clear evidence that a comparable quameson-exchange model of thelidh group and we explored
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possible dynamical explanations for a phenomenologicagluon annihilation in theKN system would be a very inter-
(extremely short-rangedrepulsive contribution, a &.¢,”  esting new development. Investigations along this line are
with a mass of about 1.2 GeV, that is present in thicdu planned for the future.

model. Such a phenomenological, repulsive, and rather
short-ranged piece had to be introduced in that model for
achieving agreement with the empirid&N data.

The very short-ranged nature of this repulsion could be a The authors are thankful to Ted Barnes for illuminating
sign that quark-gluon dynamics is playing a role. Thereforediscussions. Financial support for this work was provided in
we have calculated corresponding contributions to K  part by the international exchange program D{@&Rermany,
interaction based on the nonrelativistic quark model and &rant No. BRA WOB 2F and CNPq(Brazil, Grant No.
quark interchange mechanism with one-gluon exchange. 810133/94-8
turned out that those processes are indeed short ranged and

“won

repulsive. However, unlike the phenomenological &,” in APPENDIX: CONTRIBUTIONS TO THE KN

the Jlich model, they are also strongly isospin dependent.  |NTERACTION FROM OGE AND CONFINEMENT
Thus, one-gluon exchange alone can certainly not explain the

required short-range physics. Consequently, we examined In this appendix we present the different contributions the
additional short-range physics that arises in the mesonic se©GE and from the confining potential to t&N potential
tor, and specifically the exchange of tkecalar-isovectgr used in the present paper. Let us denote the initial and final
ay(980) meson. Its contribution was not included in thethree momenta of the interacting quarksky k,, k;, and

original Juich KN model. k; (prime means final statelt is convenient to define the
Due to its isospin structure tha,(980) exchange pro- following combinations of momentai=K’ — K. — k.— K’
vides attraction in thé =1 channel and repulsion in tHe 9 A=K~ K =Ko Ky,

=0 channel, and therefore counterbalances the isospin dfa=(Ki+Kk1)/2 andp,=(k,+k)/2. In terms of these, the
pendence of the one-gluon exchange. Taking both mechddterquark interaction can be written as

nisms @, as well as one-gluon exchangeto account yields

a short ranged and repulsive but basically isospin- Hoce= >
independent interaction—similar to the one parametrized by OGE 0
the o p—and, consequently, a satisfactory description of the

ACKNOWLEDGMENTS

; Fai)F3) Vi (a,pi,py), (AL

KN phase shifts can be obtained without resorting to phewhere i,j identify the quarks(or antiquarky 1,2 and
nomenological pieces, as demonstrated in the present papsg,rl,j(a,ﬁi ,51_) depends on spin variables and the indicated
The authors of the original lah KN model conjectured  momenta. The color SB) matricesF3(i), a=1, ...,8, are

that the introduced phenomenologieak, might be an ef-  given in terms of the Gell-Mann matrices® as F3(i)
fective parametrization of either further short-ranged me-—)a/2 wheni is a quark andF3(i)=—\2T/2 wheni is an
sonic contributions or genuine quark-gluon effects or bOthantiquark T means transposeWe refer the reader to the

[1]. Our investigation provides strong evidence that the thirqiterature for the explicit expression O!ij(ﬁ 5i f)l-)—see

alternative is realized. Specifically, it lends support to the
" for example, Eq(3) of Ref.[19].
supposition that effects from quark-gluon degrees of freedom Next, we present the individual contributions in

can be explicitly seen in thEN system. Still one can raise RN _ .
the question whether contributions from genuine quark-Yii(d,Pi,P;) to theKN potential. We represent each contri-
gluon dynamics are really needed. For example, could thefpution to theKN potential as

role be taken over by the exchange of heavier vector mesons,
say? To answer this question it will be very instructive to
study theKN system again, using the present model. For
example, the investigations in R¢8] have shown that the
KN data require only a strongly reduced short-ranged repulwhereﬁ andp’ are the initial and final center of mass mo-
sive piece, i.e., only about 20% of the phenomenologicamenta of the th&KN system, and the indeR identifies the
grep Used in theKN system. It will be interesting to see diagramsa, ... ,d of Fig. 2. The explicit evaluation of these
whether the present scenario of combirrg@d80) exchange diagrams requires also the specification of the nucleon and
and quark-gluon dynamics is able to generate these propekaon wave functions¥ andWVy . These are taken to be in
ties when going over to th&N system. One should note, momentum space of the form

however, that the treatment of theN channel in the nonrel- - - . - . . -
ativistic quark model is more complicated than il sys- Wn(p)=6(p—ki—ka—ks) N(p) ¢(ky) p(Kz) d(ks),
tem since it involves-channel gluon exchange. Special care (A3)
must be taken with such processes because it is not clear tha

the use of perturbative massless gluons makes physical sen¥8€"®

in this model. Contributions of intermediate hybrighg (

d
V(p,p')= Dza[vo<5,5'>+vo<5',5)], (A2)

N| =

states to the process must certainly be considered. Still the ¢(E)_

1 3/4
. ! _ —— | exp—k¥2a?),
extension of the quark interchange model to incorporate

055214-7



D. HADJIMICHEF, J. HAIDENBAUER, AND G. KREIN

N(p) = (37a?)expt(p6a?), (A4)

and

ko

1 3/4
\PK<5>=5<5—Eq—Fq>(—2) exp[

with

2mq
. (AB)
Mg+ My

2m§

m]_: m2

Mg+ Mg
For convenience, we also introduce the quantities

p=mg/m;g, g’°=alB, b=1la. (A7)

The explicit contributions of the different pieces of the OGE

and of the confining potential to the effectiéN interaction
are given by the following expressions.

1. Coulomb
VE*!l(p.p") =4maswp(l) fo ds7o(s)

X exf —Ap(s) p2—Bpy(s),p’?

+Cp(s)p-p'l, (A8)

where the variables comes in because we have chosen to

perform a Laplace transform of the Coulomb potentiaj?1/
in order to integrate over the varialdg and the coefficients
wp(l) (I identifies isospin =1 or =0) come from sum-
ming over color-spin flavor of quarks. The functions
Ap,Bp,Cp, and 5 for each diagram can be written as a

I’atIO AD:n(AD)/d(AD), ey 7]D=n(77D)/d(7]D)
Diagram (a)

n(A,) =24b*B%+ 9b?m?+ (800%3%+ 24b* B*
— 48028%m, + 6m§+ 18b2,82mi)s,
N(Ba)=n(Aa),
n(C,) =8b*B%+3bm?2+ (— 16b?B%+8b*p*
+160°8°m, +2mj)s,
n(7.)=33b%873,
d(A,)=d(B,)=6d(C,) =488 3b%+ (2+3b%pB?)s],
d(7,) =[3b?+(2+3b?B?)s]%?,
w,(1)=—4/9,

w,(0)=0. (A9)

PHYSICAL REVIEW 66, 055214 (2002
Diagram (b)
n(Ap) = — 24— 80b%%+ 24b* B*+ 12m, + 602 3°m,
—9b?B2m? - (968%+ 1760% 3% — 480% 8°
—48B%m;—68°mi+ 122 B*m, — 180%8*m?)s,
n(By) =12+ 20023%— 24b*B*— 6 m,;— 180%8°m,
+(48B2+ 8b%B*— 480* B8 — 248°m,
— 120%B%*m,; —38%m{— 9b?B*mi)s,
n(Cp)=2b*B%+2b%(m;—1)
+(4b*B*—8b?p%+8b?B%m, +m)s,
d(Ay) = 2d(Bp) =1282d(Cy)
=24B%[1+3b?B%+ (4B%+6b2B4s],

wp(1)=4/9, wy(0)=0. (A10)

Diagram (c)

A.(s)=64b*B%+ 1205 3% — 60b*B%m, + 21b?m?
+36b*8%m2 + (3202 3%+ 960* B*
—192028%m, + 24m; + 7202 8%m3)s,

B.(S)=25@0"*B2+ 120°B%— 130*B°m,
+21b%m? + 36b*82m3 + (32002 %+ 96b* B*
—192028%m, + 24m?2+ 72b%B%m?)s,

C.(s)=—32b*B%+4b%B*+32b* B2m, + 7b%m?
+[320%B%*+ 640282 (m;— 1)+ 8mZ]s,

7:(S)= 24\/3b3/ =3,

d(Ac) =d(Ap)=6d(A;)

=48B?[ 7b%+6b*B%+ (8+12b2B?)s],
d(7.)=[7b%+6b*B%+(8+12b%B%)s]%?,

w(1)=4/9,

0(0)=0. (A11)

Diagram (d)

n(Aq) =80b%+ 16M* B2+ 12b88*— 72b%m,; — 132*8%m,
+21b%m3+ 36b*B2m? + (3202 B2+ 960* B*
—192023%m, + 24m7+ 7202 8%m3)s,

N(Bg)=n(Ag),

055214-8
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n(Cq)=— 160~ 320" 5%+ 4b°B*+8b*m,
+20b*B%m, + b?m?
+(—64b2 8%+ 320%B*+ 640%B°m, + 8m?)s,
N(74) = —24\3b°8% =°,
d(Ag)=d(Bg)=6d(Cy)
=482+ 3b2B?)(1+2b2B2+48%s),

d(7a)=[(2+3b%8%)(1+2b*B*+4p%)]%,

wg(1)=—4/9, wy4(0)=0. (A12)
2. Spin orbit
VE9Ap,p)=i(pxp’)-SWip,p’),  (AL3)

with Sy the spin operator of the nucleon and

PHYSICAL REVIEW 685, 055214 (2002

WEB.) =amason(l) | dsro(s

X exf —Ap(s)p?—Bp(s)p'?+Cp(s)p-p'],

(A14)

where the function®\,B,C are the same as in the Coulomb
potential, and theyp's are given by

3/3b%(8—-3m;)

7S S a0t (24 30737
3 3 b3p3(m;—2)(4b?B%+my)
7p(S)=— 83 V2

2[1+3b2B2+(4B2+6b2ﬁ4)S]5/2'

3/3b%(m;—4—2b?p?)

S)=— ,
) et bt (8+ 120287 s]

s 3/3b*B4(1+2b?B?)(2b2 B2+ m,)(280% 3%+ m2+8b2 B2+ 8b?3%m;)
S)=— 1
7 27%(2+30262)(1+ 4237+ 3b° B 4-+ 2027~ my)[ 1+ 2820+ 25) 52
@) 343 b3B3(20%B%+m,)(280%B*+ m?+ 8b2 B2+ 8b2%m;)
S =
74T om® (24 30%82)9%(4b? B2+ my)[ 1+ 2%(b?+ 25) %
[
- 41 o +8 3. Contact spin-spin
“a 3 m?’ “a 9 m?’ VSS(F;,F;'):Ksst(l)ﬂDeXF{_ADpz_BDp’Z"‘CDE"5’]-
(A17)
2( 1 1 4011 Diagram (a)
wp(0)=+3 eyl wp(1)=— 57 2T
s s 2(1+p)%+3g 2(1+p)?+3g
Aa= s 2 Ba=hAa Ca=— o,
1 12a%(1+p) 6a(1+p)
w(0)=+3—=, wll)=—35—, 7a=1 w (1)=1/3, w,(0)=0,
wa(1)=1/3, w,4(0)=0.
1/1 4
€) _Z - Di b
g’ (0) 9<m2 mng)’ iagram (b)
A _ (5g+3)p?+(—2g+6)p+(2g+3)
o 1/ 1 8 b 6a%(g+3)(1+p)? ’
wg'()=—53| 5+ ==, (A15)
271\ m2 mmy 2
B _ (59+3)p°+(10g+6)p+(59+3)
) . ’ 6a%(g+3)(1+p)’ '
@(0)=+ 2| 4 =
@i (0) 9( 2 mms>’ _(1-9)p*+2p+(g+1)
" a%(g+3)(1+p)°
2(2 1
(2) _ - = 6 3/2
wd (1) 27(m§ mng)' (A0 nb=p(g+—3 op()=1/3, wy(0)=0.
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Diagram (c)

A _ (169+3)p°+(2g+6)p+(21g°+ 229+ 3)
° 122%(7g+6)(1+p)?

(64g+3)p2+(629+6)p+ (21g%+ 34g+3)
1202%(7g+6)(1+p)?

C

(1-8g)p?+2p+(79°+8g+1)

¢ 2a%(79+6)(1+p)?
12 |32
Ne= 7946 w(1)=1/18, w.(0)=1/6.
Diagram (d)

_ (20g%+40g+3)p®+(4g°+14g+6) p+(59°+10g+3)
B 124%(2g+3)(g+2)(1+p)?

d

Bi=Aq,

_ (1-49>—80)p*+(2—49°—60)p+(g>+2g+1)

C
‘ 20%(2g+3)(g+2)(1+p)?

3/2

129
,  wy(1)=1/18,

(2g+3)(g+2)

ﬁd:P[ wg(0)=1/6.

4. Contact spin-independent
VCOH—Sk" "/):4 (l)eXd—A 2_B 12
D Y TosWp pP pP

+Cpp-p'], (A18)

where the functiong\p, ... are the same as for the spin-

spin interaction and

1
wa(1)=+

9 E! wa(0)=0,

PHYSICAL REVIEW C66, 055214 (2002

_ 1 2 _
wb(l)——E?(lﬂ) ), 0,(0)=0,
wc(1)=—§¥, w4(0)=0,

11 )
o)== g —(1+p7), @y(0)=0.  (AL9)

5. Confinement
The confining interaction is taken to be a linearly rising
potential, which in momentum space is given as

6mo

Vconf:?v (A20)

where ¢ is the string tension. EquatioA20) includes a
color factor of 3/4. The effectiv&N interaction is given by

VBB~ 6rounih | auf dons

X exf] — Ap(s)p?—Bp(s)p’2+Cp(s)p-p'],
(A21)

where the functionsAp(s),Bp(s),Cp(s), and »p are the
same as for the Coulomb term, and thg(l)’s are given by

wa(1)=+4/9, w,(0)=0,
wp(1)=—4/9, wp(0)=0,
w(1)=—4/9, w,(0)=0,
wa(1)=+4/9, wy(0)=0. (A22)
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