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Influence of aZ* (1540 resonance onK*N scattering
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The impact of dIZO,JP:%+)Z+(154O resonance with a width of 5 MeV or more on tK&N(I1=0) elastic
cross section and on th&; phase shift is examined within th&N meson-exchange model of the Julich group.
It is shown that the rather strong enhancement of the cross section caused by the preserteavith the
above properties is not compatible with the existing empirical informatiorKNnscattering. Only a much
narrowerZ" state could be reconciled with the existing data—or, alternativelyZ ttetate must lie at an energy
much closer to th&N threshold.
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Recently the LEPS Collaboration at Spring-8 presented In the present note we use the Jilich meson-exchange
evidence for the existence of a narrow baryon resonance witinodel for theKN interaction to investigate the effect of in-
strangenesS=+1 [1]. In the following, four other collabo- cluding in the model &*-like resonance structure on the
rations from different laboratories announced the observatiodescription of the experimental data. Within a realistic poten-
of a similar structure in their experimenf8-5]. The ob-  tial model the open parameters are fixed by a simultaneous
served structure was immediately brought into connectiofit to all KN partial waves and therefore the contributions to
with an exotic pentaquark state call@ whose existence the Po; channel(we use the standard spectral notatign;),
had been proposed since long time in the context of differenjyhich provide the background for th&'(1540 resonance,
quark models. Specifically, the resonance parameters with aare strongly constrained by the empirical information in the
peak position around 1540 MeV and a width aroundother partial waves, and that means also from the other iso-
20 MeV, extracted from these experiments, lie convincinglyspin channel. Furthermore, the use of a model allows one to
close to a theoretical prediction based on the chiral quarkproduce a resonance structure from a bare pole interaction by
soliton model of Diakonoet al. [6], who had proposed the dressing the bare baryon-meson vertex, with a width gener-
existence of &" state with a mass around 1530 MeV and aated from self-energy loops, i.e., the nonpole and the pole
width of around 15 MeV. Due to its quantum numbeSs, part of the reaction amplitude can be treated consistently.
=+1,1=0, andJP=3", their Z* state can only decagadroni- A detailed description of the JilicKN model can be
cally) into theK*n or K°p channels. found in Refs[10,11. The model was constructed along the

First cautious words about this interpretation were, howdines of the(full) Bonn NN model[12] and its extension to
ever, raised by Nussind] soon after the experimental re- the hyperon-nucleor(YN) system [13]. Specifically, this
sult[1] was published. He pointed out that the existence oineans that one has used the same schigme-ordered per-
such aZ* state at around 1540 MeV should also be seen inurbation theory, the same type of processes, and vertex pa-
the availableK™d scattering data. Though some “intriguing rametergcoupling constants and cutoff masses of the vertex
fluctuations” exist in the tote*d cross section in the energy form factorg fixed already by the study of these other reac-
range which corresponds toKNcms energies of tions.

1500-1600 MeV[7] Nussinov's conclusion was that the  The diagrams considered for tK&\ interaction are shown
lack of a prominenZ® signature inK*d collisions restricts in Fig. 1. Obviously the Jilich model contains not only
the width of theZ" to be smaller than 6 MeV. Similar but single-mesonand baryoin exchangegFig. 1(a)], but also
even more restrictive conclusions were drawn not long afternigher-order box diagrams involvilgK’, AK, and AK” in-
wards by Arndt and Collaboratof8]. These authors reex- termediate stategFig. 1(b)]. Based on these diagramsKal
amined the availabl&*N scattering data basis with the aim potentialV is derived, and the corresponding reaction ampli-
of exploring the possibility of accommodatingZa-like reso-  tude T is then obtained by solving a Lippmann-Schwinger—
nance structure in their partial wave analysis. In an earlietype equation defined by time-ordered perturbation theory:
analysis of the same data by the VPI grd@pthis resonance

has not been explicitly considered. The work of Rg] T=V+VGT. (1)

confirmed that the existing*N data exclude&Z” widths be-  Erom the reaction amplitud@ phase shifts and observ-

yond the few-MeV level. Indeed their results even suggeshpes(cross sections and polarizatiorsan be obtained in
that a Z* around 1540 MeV should have a width &f e ysual way.

=1 MeV or even less in order to be compatible with KN In the present investigation we use tké&l model | de-

;
andK"d data bases. scribed in Ref[11]. (Note that we have performed also ex-
ploratory calculations with the other models in Rgfkl, 14
"We follow the historical nomenclature adopted in the particle@nd we obtained essentially the same resuResults for
data tables. More recently, the resonance is being céilfed phase shifts and also for cross sections and polarizations can
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FIG. 1. Meson-exchange contributions to tK&l interaction. 50 | i"ﬁ 4
Diagrams(a) and(b) define the original Julich model[L0,1]] that ! I{i
we use in the present investigations. Diagrép represents the §40 L ! |'|'| 4
consideredZ*(1540 contribution. = ! l}i
. . . . S 30 | [ 1
be found, e.g., in Reff11]. Evidently, this model yields a | / ,"I,
good overall reproduction of all presently available empirical 2 AN 6o 0 ®O0Gp X
: . . - . ) - o o® © K00 XP oS
information onKN scattering. Specifically, it describes the | Jor o &g @ ——=""2
data up to beam momentapf,~1 GeVL, i.e., well beyond 10k ALY . Pt i
the region of the observed*(1540 resonance structure I ,«ﬁ/ 1.\/ e
which corresponds to the momentui,,=0.44 GeVt. o =2 MATA .
Thus, this model provides a solid basis for studying the in- 0.2 0.4 0.6 0.8 1
fluence of thez*(1540 resonance on thi€N observables. As P [GeV/c]

already emphasized above, the parameters of the model are
fixed by a simultaneous fit to aN partial waves and there-
fore the contributions to th®y; channel, where th&* pen-

taquark state is supposed to ocg8l; are constrained by the nance with a dynamically generated width of(Z0) MeV is in-

empirical information in the_ 0'_[her partial waves. cluded. Experimental data are taken from Ré&f] (filled circles,
~ TheZ'(1540 resonance is included in the model by add-Ret 18] (open squares Ref. [19] (open circles, and Ref.[20]
ing a pole diagram, as depicted in Figc), with a bare mass (crosses

M(Zof and a bare coupling constag{f,)“Z+ to the other diagrams

that contribute tdv. When this interaction is then iterated in the Z*. The cutoff mass occurring in the vertex form factor,
the Lippmann-Schwinger equatigh), the KNZ* vertex gets  cf. Eq. (2.23 of Ref. [16], was fixed to 2 GeV. The bare
dressed by the nonpole part of the interaction andZhe masses used are 1545 Mér the model with the width of
acquires a width and also its physical mass via self-energ$ MeV) and 1558 MeV(for the width of 20 MeV, respec-
loops. For the present investigation we prepared two differtively.

ent models, one with a width of 20 MeYas found in the The elastic cross sectiondgor the isospin channel$
experiment/3]), and one with a width of just 5 MeV, which =0, 1) predicted by the two models with 2" are shown in
was given in Ref[15] as the most favorable width of the Fig. 2 together with the results of the original Jilich model |
chiral quark-solition model, and which corresponds roughlyand the available experimental informatiph7—20. The |

to the upper limit given in the paper by Nussinpf]. The =1 channel is shown here only to demonstrate the quality of
width of the Z* and also the resonance mass are calculatethe Julich model. Th&* is, of course, assumed to bd 20

from a speed plot, but we must say that for such a narrowesonance and therefore it does not change the results in the
structure the resonance position basically coincides with thé=1 channel.

energy where the phase passes through 90 deg. Note that theThe Jilich model provides also a decent description of the
bare mass and bare coupling constant are free parameteatata in thel=0 channel. Its prediction might lie slightly too
that are used to adjust the desired physical mass and width &fw at higher energies, however, one has to take into account

FIG. 2. KN elastic cross section in the isospin chanriel§, 1.
The solid line is the result of the original Jilich model | from Ref.
[11]. The dasheddash-dotteylline shows results where Z reso-
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that the data also scatter somewhat. In any case, it is obvious 60
that the deviation of the Julich model and also the variations
between the different datasets are by no means comparable 50 |
to the impact of thez" on the KN(I=0) cross section. It is
also clear that th&* as predicted by Ref6] and as suppos- 40 -
edly seen in the experimenf&-5| lies well within the en-
ergy range covered biN data. Indeed, there are even data
points from two independent experimeifiy,19.

There is no way to reconcile the presé€itl(I=0) cross
section data with the existence oZ& 1540 with a width of
5 MeV or more. In view of the curves shown in Fig. 2 it is 10 |
clear why Arndt and Collaborators saw such a strong in-
crease of they? in their partial wave analysis once tizg or
(with T'=5 MeV or morg was included[8]. One of their
conclusions was that thg" could have a width of order -10 : : :

. . ; 0 0.2 0.4 0.6 0.8 1

1 MeV or less. We did not consider such a small width P, [GeVrc]
within our model. However, it is clear that reducing the
width significantly would eventually lead to results that co-  FIG. 3. KN phase shifts in th®,, partial wave. The solid line is
incide with the ones of the Jilich model— besides an isothe result of the original Julich model | from Ré¢f.1]. The dashed
lated narrow peak somewhere. Since there are no data belawash-dotteylline shows results where &" resonance with a dy-
Piap=0.336 GeV¢ there is indeed also room for thé&" at namically generated width of 0) MeV is included. Experimental
energies much closer to ti& threshold. However, then one Pphase shifts are taken from Rg21] (open circley Ref.[22] (open
would need to find a dynamical explanation why the struc-squares and Ref.[23] (filled circles and pluses

ture seen in the experiments-5| appears at a significantly g |agtic cross section and on tRg, phase shift. Even though
higher KN Invariant mass there—provided, of course, _that tthe KN data in the relevant energy range show sizable uncer-
has something to do with the pentaquark state predicted ifhinsies, it is evident that the rather strong enhancement of
Ref. [6]. . N the cross section caused by the presenceZsf 85640 would
Results for thePy, phase shift are shown in Fig. 3. Note g iy clear contradiction to the experiments. Only a much
that the phases for the models with e resonance pass narrowerZ*(1540 state could be reconciled with the existing
through 90 deg aroun@,,=0.44 GeVE and then continue o nirical information onKN scattering[7,8]—or the pre-
to rise beyond 180 deg. Therefore we show them heremod icteq pentaquark state must occur at an energy much closer
so that they fit on the same graph and approach the ‘M'C?b the KN threshold. In any case it would be desirable to
model and the results of the phase shifts analyses again gt \aasur&KN scattering around the energy of the suspected

higher energies. Also here it is clear that the existenceZif a Z*(1540 resonance using the present day much more ad-
with a width of 5 MeV or more would lead to a tremendous o\ ~aq accelerators and detector systems.

change.
In summary, we have demonstrated the impact of a This work was partially financed by the CNPq and the
Z*(1540 with a width of 5 MeV or more on th&KN(I=0) FAPESP.
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