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I. INTRODUCTIONRecent experiments at JLab-CLAS [1, 2], ELSA-SAPHIR [3, 4] and Spring-8-LEPS [5,6] are re�ning our knowledge of associated strangeness photoproduction. High precisiondi�erential cross section data for the process p! K+� have been released [1, 3, 6] coveringthe region between W � 1.6 GeV and 2.6 GeV in the center-of-mass frame. Furthermore,single polarization asymmetry data for recoil hyperon [2] and beam [5, 6] have also becomeavailable.The K+� photoproduction has also been extensively studied using phenomenologicalapproaches. In general, those works [7{12] investigated the direct channel mechanismsbased on an isobar approach in tree approximation. Combinations of isobar models with aRegge analysis [13], successful at higher energies, have also focused [14, 15] on strangenesselectromagnetic production. A new generation of more precise data has made it clear thatcoupled-channel e�ects can no longer be ignored and that multistep processes have to beincorporated carefully. Coupled-channel formalisms based on the K-matrix approximationand isobar e�ective Lagrangians have been developed [16, 17].The purpose of this work is to report on an advanced version of a dynamical coupled-channel formalism [18{21] that incorporates proper treatment of o�-shell e�ects. The di-rect KY photoproduction channel is investigated via a chiral constituent quark model(CQM) [22, 23]. This latter approach allows one to handle all known resonances witha reasonable number of adjustable parameters, in contrast to isobar e�ective Lagrangianmodels [24]. Consequently, the CQM provides an appropriate tool for: understanding theelementary reaction mechanism, establishing reliable indicia for the predicted missing baryonresonances [25{32], and gaining improved insights into the known resonances.In principle, theKY photoproduction should be investigated within a large scale coupled-channel approach including several reaction channels, e.g. �N , �N , !N , KY , �N , ��N(�N; ��; �N). Obviously, this can not be done so easily because the data sets, that areto be simultaneously �tted, are very extensive, and reaction mechanisms involving channelsother than �N have not been studied extensively.As a �rst signi�cant step, it is useful to consider a much more restricted coupled-channelmodel focusing on understanding particular reaction mechanisms. Concerning the KY pho-toproduction, the obvious �rst task is to investigate the coupling between the KY and �N2



channels for the following reasons. From the available data, one observes that kaon pho-toproduction is in general much weaker than pion photoproduction. Hence the multi-steptransitions, such as N ! �N ! KY , should be comparable to the direct N ! KYprocess. This has been veri�ed in Ref. [18] using a coupled-channel model with N , �N andKY channels. Moreover, the need for a coupled-channel approach to study meson-baryonreactions in the second and third N� regions has been well discussed in the literatures, asreviewed in Refs. [33, 34].In this work, we take advantage of the development of new models [19] for �N ! KYand KY ! KY interactions to reinvestigate the inuence of the �N channel. Furthermore,we re�ne the models developed in Refs. [18, 19] and consider recent p ! K+� data.Focusing on the coupled-channel e�ects associated with the �N channel, we also determinethe parameters of relevant N� resonances. Our results could serve as the starting point forperforming more advanced coupled-channel calculations including additional meson-baryonchannels.Within the considered coupled-channel model, a comprehensive study of K+� photopro-duction requires models of the non-resonant transitions among N , �N , and KY states andthe decays into these three channels for about 12 isospin I = 1=2 N� states. In this work,we follow Refs. [18, 19] to derive the non-resonant transitions from e�ective Lagrangiansby using a unitary transformation method [35] and SU(3) symmetry. For N� decays, weconsider information from the Particle Data Group [36] (PDG) and/or from constituentquark model predictions [27{29]. With these constraints, the model has a reasonable num-ber of adjustable parameters, which can only be ascertained from the data. We simplify the�tting task by casting the coupled-channel equations into a form such that the empiricalN ! �N amplitudes [37] are input to the calculations and only the parameters associ-ated with the KY channel are to be determined by performing �2 minimization �ts to allavailable �N ! KY and N ! KY data, using the CERN-MINUIT code.In addition, to clarify the role of coupled-channel e�ects due to the �N channel, wealso analyze the dynamical content of the N ! N� transition. The so-called \mesoncloud e�ects" discussed in the study [35, 38] of the � (1232) resonance are identi�ed withinour coupled-channel model. We also make an attempt to determine the properties of thepredicted [26{32, 39] and/or sought [8, 11, 14, 16, 20, 23, 40{47] third S11, P13, and D13resonances. 3



For simplicity, at this stage we do not consider the K� photoproduction data to avoidthe need to also determine the parameters associated with the photo-excitations of about12 other isospin I = 3=2 N� states. Obviously, our results serve as a good starting point fora subsequent investigation including all KY channels. Our results in that direction will bepublished elsewhere.This paper is organized as follows: In Section II, the theoretical frame is presented. Themain content of our coupled-channel formalism is then given, followed by an outline of therelevant constituent quark model for the direct p ! K+� channel. There, the noveltiesof our approach are discussed. Section III is devoted to numerical results and comparisonswith available data for ��p ! K��; K��� and p ! K+�. For this latter reaction, themost relevant known nucleon resonances are singled out and possible manifestations of newbaryon resonances are discussed. Meson cloud e�ects are exhibited by examining multipolesfrom the obtained model. Summary and conclusions are reported in Section IV.II. THEORETICAL FORMULATIONIn this Section, we �rst present our dynamical coupled-channel approach for the pho-toproduction process including intermediate �N and KY channels. Then, we outline theconstituent quark model used for the direct KY photoproduction reaction.A. Coupled channelThe coupled-channel approach presented here is derived from a general formulation re-ported in Refs. [33, 34]. The starting point is a Hamiltonian consisting of non-resonantterms va;b plus resonant terms vRa;b = �yN�;a�N�;b=(E �M0N�), where a; b are the consideredmeson-baryon channels,M0N� is the bare mass of theN� state, and �N�;a describe the N� ! adecays. Such a Hamiltonian can be derived from e�ective Lagrangians using a unitary trans-formation method developed in Ref. [35]. Invoking the two potential formulation [48], onecan cast the transition amplitude Ta;b(E) for the a! b reaction into a sum of non-resonantta;b(E) and resonant tRa;b(E) terms:Ta;b(E) = ta;b(E) + tRa;b(E) : (1)4



The �rst term of Eq. (1) is determined only by the non-resonant interactionsta;b(E) = va;b +Xc va;c Gc(E) tc;b(E) ; (2)where Gc(E) is the propagator of the meson-baryon state c. The resonant term istRa;b(E) = XN�i ;N�j ��yN�i ;a(E) [GN�(E)]i;j ��N�j ;b(E) : (3)The resonant amplitude in Eq. (3) is determined by the dressed vertex��N�;a(E) = �N�;a +Xb �N�;b Gb(E) tb;a(E) ; (4)and the dressed N� propagator[GN�(E)�1]i;j(E) = (E �M0N�i )�i;j � �i;j(E) : (5)Here the N� self-energy is de�ned by�i;j(E) =Xa �yN��i;aGa(E)��N�j ;a(E) : (6)In this work, we make the following simpli�cations. We keep only three channels N ,KY and �N . We further assume that the N� propagator Eq. (5) can be replaced by asimple phenomenological Breit-Wigner form. Eqs. (1)-(6) are then reduced to the followingexpressions for calculating the N ! KY and �N ! KY amplitudesTN;KY (E) = tN;KY (E) +XN� ��yN�;N ��N�;KYE �MN� + i�tot(E)=2 ; (7)T�N;KY (E) = t�N;KY (E) +XN� ��yN�;�N ��N�;KYE �MN� + i�tot(E)=2 ; (8)with ��yN�;N = �yN�;N + [tN;KYGKY �yN�;KY + tN;�NG�N�yN�;�N ] ; (9)��yN�;�N = �yN�;�N + [t�N;KYGKY �yN�;KY + t�N;�NG�N�yN�;�N ] ; (10)��N�;KY = �N�;KY + [�N�;KYGKY tKY;KY + �N�;�NG�N t�N;KY ] : (11)It is clear that the �rst step to solve the above equations is to develop models for cal-culating all non-resonant amplitudes. To �rst order in electromagnetic coupling, within theconsidered N �KY � �N space, Eq. (2) leads totN;KY = vN;KY [1 +GKY (E)]tKY;KY (E)] + vN;�NG�N (E)t�N;KY= vN;KY [1 +GKY (E)]tKY;KY (E)] + tN;�NG�N (E)v�N;KY : (12)5



Here we note that the second line of the above equation is obtained from using the well-known property vgt = tgv. The non-resonant amplitudes tKY;KY and t�N;KY in Eq. (12)are obtained by solving Eq. (2) within the subspace KY � �N . For numerical reasons, wefollow the procedure of Ref. [18] to eliminate t�N;�N from these coupled equations. We thenobtain the following equationstKY;KY = ve�KY;KY +XKY ve�KY;KY GKY tKY;KY ; (13)tKY;�N = [vKY;�N + tKY;KY GKY vKY;�N ]� [1 +G�N t̂�N;�N ]; (14)where ve�KY;KY = vKY;KY +X�N vKY;�N G�N ve��N;KY ; (15)with ve��N;KY = v�N;KY +X�N t̂�N;�N G�N v�N;KY : (16)The pure �N scattering t-matrix t̂�N;�N in the above equations is de�ned byt̂�N;�N = v�N;�N + v�N;�N G�N t̂�N;�N : (17)We see that Eqs. (13) and (17) are single channel integral equations. The couplings between�N and KY channels are isolated in the e�ective potentials veffKY;KY and veff�N;KY . Clearly, theuse of Eqs. (13)-(17) greatly simpli�es the numerical task of handling the matrix problemassociated with the original coupled-channel integral equations in the subspace KY � �N .In fact, this technique will be useful for future investigations including additional channels.To solve the above equations, we employ the non-resonant potentials vKY;KY , v�N;KYderived in Ref. [19] from e�ective Lagrangians using a unitary transformation method ofRef. [35]. The expressions for these potentials can be found there and will not be repeatedhere. However, we depart from Ref. [19] in two aspects. First, Eq. (17) for determiningt̂�N;�N was not solved directly in Ref. [19]. Instead, it was estimated from using the empirical�N ! �N amplitudes. In this work, we solve Eq. (17) by using v�N;�N of Ref. [35] which wasalso derived from e�ective Lagrangians using the same unitary transformation method. Thesecond new aspect of our calculations is to include the distortion e�ects on the N� decays,6



de�ned by the term within the square brackets in the right-hand-side of Eqs. (10)-(11),which were neglected in the calculations of Ref. [19]. It turns out that these two re�nementsdo not change much the quality of the �ts to the �N ! KY data. More details will begiven in the next Section.We now discuss the calculation of the non-resonant kaon photoproduction amplitude de-�ned by Eq. (12). While the main contribution to tN;KY is expected to be from the directtransition amplitude vN;KY , the calculations of the coupled-channel e�ects due to the �Nchannel require a model for the N ! �N amplitude tN;�N . The amplitude tN;�N is ex-pected to be rather complicated in the second and third N� regions. Full construction oftN;�N is far beyond the scope of this work. To make progress, we follow the phenomenolog-ical procedure of Ref. [49] to de�ne tN;�N in terms of the empirical N ! �N amplitudeand the resonant amplitude constructed from the quark model predictions of Ref. [27{29].Explicitly, we de�ne t�N;N � T SAID�N;N � tQM;R�N;N ; (18)where tQM;R�N;N is the quark model amplitude given explicitly in Ref. [49] and T SAID�N;N is obtainedfrom the 1995 solution of the SAID [37] analysis. As an alternative, we can replace tQM;R�N;Nby tPDG;R�N;N which is the N ! N� ! �N amplitude de�ned by the resonance parameterslisted by PDG. Unfortunately, the parameters of N ! N� for most of the considered N�are not well determined by PDG. In fact, this work is one of the possible ways to learnabout these N ! N� amplitudes by considering the photoproduction channels other thanthe �N channel. We thus use Eq. (18) in this work.Eq. (18) only de�nes the on-shell values of the amplitude t�N;N . For the calculation ofEq. (12), which involves integrations over o�-shell matrix elements, we de�ne the followingo�-shell behavior t�N;N(q; k0;W ) = t�N;N(q0; k0;W ) F (q;�)F (q0;�) ; (19)with F (q;�) =  �2�2 + q2!2 ; (20)q0 = [(W 2 �m2N �m2�)2 � 4m2Nm2�]1=22W ; (21)where W is the invariant mass of the �N system, q is �N o�-shell momentum, k0 is the7



on-shell momentum of the initial N system, and the cuto� � is an adjustable parameterin our �t to the N ! KY data. We �nd � = 1.5 GeV.B. Direct channelFor the non-resonant N ! KY transition amplitude vN;KY and the resonant amplitude,we follow the procedure of Refs. [22, 23]. The details can be found there and will not berepeated here. Below, we summarize the main points needed in the subsequent Section.The chiral constituent quark approach is based on a low energy QCD-inspired La-grangian [50], where the scattering matrix for the photoproduction of pseudoscalar mesonscan be derived [51] asMfi = hNf jHm;ejNii +Xj �hNf jHmjNjihNj jHejNiiEi + ! � Ej + hNf jHejNjihNj jHmjNiiEi � !m �Ej �+MT : (22)Here, Ni(Nf ) is the initial (�nal) state of the nucleon, !(!m) represents the energy of incom-ing (outgoing) photons, and Hm and He are pseudovector and electromagnetic couplings,respectively, and Nj is the intermediate baryon.The �rst term in Eq. (22) is a seagull term. The second and third terms correspond tothe s- and u-channels, respectively. The last termMT is the t-channel contribution.The contribution from the s-channel resonances to the transition matrix elements can bewritten as MCQMN� = 2MN�W 2 �MN�(MN� � i�(q)) e� k2+q26�2ho AN�; (23)with k = jkj and q = jqj the momenta of the incoming photon and the outgoing meson,respectively; W is the total energy of the system, e�(k2+q2)=6�2ho a form factor in the harmonicoscillator basis with the parameter �2ho related to the harmonic oscillator strength in thewave-function, andMN� and �(q) the mass and the total width of the resonance, respectively.The amplitudesAN� are divided into two parts: the contribution from each resonance below2 GeV (these transition amplitudes have been translated into the standard CGLN amplitudesin the harmonic oscillator basis), and the contributions from the resonances above 2 GeV ,which are treated as degenerate [51]. 8



The contributions from each resonance is determined by introducing [22] a new set of realparameters CN� for the amplitudes AN�:AN� ! CN�AN�; (24)so that MexpN� = C2N�MCQMN� ; (25)whereMexpN� is the experimental value of the observable, andMCQMN� is calculated in the quarkmodel [23]. For instance, for resonance with mass � 2 GeV, the SU(6) 
 O(3) symmetrypredicts CN� = 0.0 for S11(1650), D13(1700), and D15(1675) resonances, and CN� = 1.0 forother ones. However, deviations from those central values are anticipated within the brokenSU(6) 
O(3) symmetry, due for example to one-gluon exchange mechanisms [52].III. RESULTS AND DISCUSSIONThis Section is devoted to the application of our formalism to the production of kaon-hyperon �nal states in �N and p collisions.To that end, we need �rst to study �N ! KY , and KY ! KY processes. In thefollowing we �rst compare our �N ! KY results with the relevant data and also extract N�information within the considered model. Then we present results for the photoproductionchannel and discuss issues related to the missing resonances.A. �N ! KY ReactionAs seen in Eq. (12), to calculate N ! KY amplitude our �rst step is to constructthe non-resonant amplitudes tKY;KY and t�N;KY . These are obtained within our modelby solving the coupled-channel equations (13)-(17). The input of these coupled-channelequations are the potentials vKY;�N , vKY;KY , and an e�ective non-resonant amplitude t̂�N�Nwhich is de�ned by Eq. (17). The parameters of these potentials are then adjusted alongwith the N� parameters associated with the resonant term of Eq. (8) to �t the ��p! K��and ��p! K��� data [53{57].This policy was pursued in Ref. [19] but with the simpli�cations that the distortion fac-tors, the terms within the square brackets in Eqs. (10)-(11), were not included in calculating9



Notation Resonance Coupling ValuefK�N -0.61fK�N 0.12f��� 0.08f��� 0.00N4 S11(1650) 1=2� fK�N4 -0.25fK�N4 -0.20N5 D13(1700) 3=2� fK�N5 -0.33fK�N5 0.08N6 P11(1710) 1=2+ fK�N6 0.09fK�N6 -0.32N7 P13(1720) 3=2+ fK�N7 -0.56fK�N7 0.54D1 S31(1900) 1=2� fK�D1 0.09D2 P31(1910) 1=2+ fK�D2 0.20D3 P33(1920) 3=2+ fK�D3 -0.20L3 S01(1670) 1=2� f��L3 -0.20L5 P01(1810) 1=2+ f��L5 -0.01S1 P11(1660) 1=2+ f��S1 -0.20f��S1 -0.20S4 D13(1670) 3=2� f��S4 0.22f��S4 0.05K�NY couplings fVK�N� 0.71fTK�N� -3.97fVK�N� -0.53fTK�N� 0.52cut-o�s �s 623.0�u 1468.0�i 930.0��N 1491.0o�-shell X 2.0Reduced �2 1.86TABLE I: Coupling constants in �N ! KY and KY ! KY . The values are extracted from ourminimization procedure. The parameters are de�ned in the model B of Ref. [19].the resonant term of Eq. (8). Furthermore, the non-resonant t̂�N;�N de�ned by Eq. (17) wasonly roughly estimated using the empirical �N amplitude.In this work, we have corrected these two de�ciencies as discussed in Section II.A andthus have re�ned the potentials v�N;KY and vKY;KY and the relevant N� parameters.The �tting procedure is explained in detail in Section III of Ref. [19]. Here we recalla few points to make the present Section self-consistent. In that paper, we classi�ed the10
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Lab/Collaboration Observable # of data points Ref.ELSA/SAPHIR Di�erential cross-section 720 [3]JLab/CLAS Di�erential cross-section 1068 [1]JLab/CLAS Recoil polarization asymmetry 233 [2]SPring-8/LEPS Polarized beam asymmetry 44 [5]Bonn synchrotron Polarized target asymmetry 3 [61]TABLE II: Data sets investigated in the present work. Here, we have not included 268 cross-sectiondata points from CLAS [1] for E > 2.6 GeV (W � 2.4 GeV), in order to concentrate on the baryonresonances energy range.To use the N� contributions de�ned by Eqs. (23)- (25)), we replace the above expression byvRN;KY = CN�MCQMN� ; (28)where MCQMN� is calculated [23] from the constituent quark model. The SU(6) 
 O(3)symmetry breaking coe�cient CN�, Eq. (28), are treated as constrained adjustable param-eters [22, 24] in �tting the data.1. Model searchIn this Section, we explain the procedure used to build a model for all available data.Table II summarizes the content of the data base used to determine the adjustable parame-ters of our approach; namely, known resonances strengths and parameters of new resonancesare used, as discussed next. Di�erential cross-section data provide, of course, the main con-straints on the model ingredients. Consequently, our starting point was to �t separately theCLAS and SAPHIR cross-section data, for which the reduced �2s turned out to be 2.1 and1.3, respectively. The signi�cantly larger �2d:o:f found using the CLAS data is due to theirsmaller uncertainties compared to those of SAPHIR data. However, this fact might not bethe only source of the di�erence in �2s. Actually, two considerations are in order here:i) The earlier data from CLAS [2] showed signi�cant discrepancies with SAPHIR [3] data.Although the new CLAS [1] data set has signi�cantly reduced those discrepancies, in somephase space regions results from the two data set di�er by more than �2�;14



Parameter Model M1 Model M2gKN� 8.02 8.00CS11(1535) -0.85 -0.82CS11(1650) -0.10 -0.22CP11(1710) 1.79 -1.08CD13(1520) -2.00 -2.00CD13(1700) 0.16 -0.19CP13(1720) -0.40 0.05CP13(1900) 0.80 1.60CD15(1675) -0.09 0.22CF15(1680) 1.43 1.99CF15(2000) 1.28 1.59�2d:o:f 2.49 3.32TABLE III: Kaon-nucleon-hyperon coupling constant, SU(6)
O(3) symmetry breaking coe�cientCN� as in Eq. (28), and reduced �2 for models M1 and M2.ii) The strengths of resonances, which constitute our main adjustable parameters, arerather tightly constrained by SU(6)
O(3) symmetry. Consequently, the fact that we obtaina much better �2d:o:f for the SAPHIR data compared to the one for the CLAS data leads tothe conclusion that our approach is more in line with the SAPHIR di�erential cross-sectiondata than with CLAS results.Keeping the above considerations in mind, we present two models here:i) Model M1: all SAPHIR and most recent CLAS di�erential cross-sections (�rst two rowsin Table II) were �tted simultaneously.ii) Model M2: all cross-section and polarization asymmetries (Table II) were �tted simulta-neously.Extracted values for the eleven adjustable parameters are given in Table III. That Tablecontains theKY N coupling constant and the strengths of known resonances with masses� 2GeV. The higher-mass, known resonances are treated as degenerate in a compact way [23, 51]and bear no symmetry breaking coe�cients. Moreover, the Roper resonance, althoughexplicitly present in our approach, does not contribute to the reaction mechanism due to its15
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The coupling constant gKN� is very close to its lowest limit [62] within broken SU(3)-symmetry. This parameter, like several other adjustable ones, is driven by CLAS data.Actually �tting only the SAPHIR data leads to gKN�=9.70. Finally, the �2d:o:f for the modelM1 is signi�cantly higher than obtained by �tting only the SAPHIR data. Actually theintegrated �2 for the latter data set increases by more than a factor of 2, i.e. the adjustableparameters are driven by the CLAS data. However, in going from the model M1 to M2that integrated �2 stays stable, while the integrated �2 for CLAS data increases by roughly30%. Moreover, in the integrated �2s for the models M1 and M2, CLAS data representsroughly 55% and 48%, respectively, while SAPHIR data account for about 45% and 29%,respectively. These results indicate that, within our approach, the SAPHIR data show largercompatibilities with the polarization data, than does the CLAS data.In Figs 5 to 8, results for models M1 and M2 are compared with the most recent data.In Fig. 5 excitation functions at 19 angles, for �K � 25� to 150� are shown as a functionof total center-of-mass energy for W = 1.6 GeV to 2.3 GeV. Except in very few phase spaceregions, the two models give identical results. Given the discrepancies between the two �tteddata sets, our models give an acceptable account of the di�erential cross-sections. In thesame �gure, we show also the very recent LEPS data [6] for cos� = 0.75 and 0.85. Theyturn out to be closer to the CLAS data, rather than to SAPHIR results.With respect to the polarization observables, we recall that modelM1 ( dotted curve) hasbeen obtained by �tting only the cross section-data. So, in Figs 6 to 8, dotted curves arepredictions. While the full curves (model M2) result from �ts to di�erential cross-sectionand polarization observables data.In Fig. 6 angular distribution of polarized recoil � asymmetry is depicted for W � 1.6GeV to 2.3 GeV. Models M1 and M2 give signi�cantly di�erent results and the latter modelreproduces the data quite well, except for a few lowest energy ones. It is worthwhile mention-ing that although recoil data represents less than 10% of the data base points, and contributeto the total �2 by the same percentage, they have a signi�cant e�ect in the determinationof the model ingredients.The polarized photon beam asymmetry, Fig. 7, data stand for less than 2% of database points, but generate about 13% of the total �2. We recall that the �tted data comefrom Ref. [5] and are shown as open circles in all 9 cells of Fig. 7; while the very recentdata [6], depicted as open squares, were not included in the �tted data base. Here, model17
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importance of having polarization observables data in the study of N� resonances.2. Search for new resonancesFor about three decades, several approaches have been predicting baryon resonancesnot seen in extensively investigated �N channels. Issues related to these so-called missingresonances have recently been reviewed [30, 31, 63]. Here, we concentrate on three of themissing resonances with masses between 1.8 GeV and 2 GeV; namely, S11, P13, and D13.New resonance Property Model M1 Model M2Mass 1.833 1.806S11 Width 0.288 0.300Strength 0.40 0.15Mass 1.974 1.893P13 Width 0.108 0.204Strength 0.12 0.28Mass 1.912 1.954D13 Width 0.316 0.249Strength 1.50 0.98TABLE IV: Determined parameters for the third S11, P13, and D13 resonances.Experimental results on the K+� photoproduction process, published in 1998 by theSAPHIR Collaboration [64], were interpreted [8], within an e�ective Lagrangian approach,as evidence for a new D13 resonance with M = 1.895 GeV. However, an alternate e�ec-tive Lagrangian approach [65], which included o�-shell e�ects, and for a constituent quarkmodel [24], those data did not require any new resonances. Moreover, recent data [3] re-leased in 2004 by the same Collaboration did not con�rm the structure reported in their1998 paper. Also, in 2004 the CLAS Collaboration published data for the same reaction.But, the CLAS [2] and SAPHIR [3] data released in 2004, with some 2000 data points fordi�erential cross-sections, showed signi�cant discrepancies with each other. This fact ledthe phenomenologists either to concentrate on one of the two sets or produce one model20
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The recoil hyperon polarization asymmetry, Fig. 10, shows no signi�cant sensitivity tothe third S11 and P13 except in very limited phase space regions, while switching o� the 3rdD13 leads to important variations in the model values for roughly W � 1.9 GeV, mainly inthe forward hemisphere.The same trends are observed for the polarized beam asymmetry with respect to the thirdS11, Fig. 11. The highest sensitivities to the two other resonances appear in the backwardhemisphere and are signi�cant for the 3rd D13.For the sake of completeness, in Fig. 12 we show the excitation function at �K = 90� forthe polarized beam asymmetry. As already mentioned, this observable is by far the leaststudied experimentally. Our results might nevertheless indicate that the 3rd D13 produces asigni�cant structure at higher energies.
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depicted in Fig. 13 in bold full curves. In each of the four cells, we show in addition theresults of that model M2 with only one resonance switched o� at a time.
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appear at about 1.7 GeV and 1.9 GeV.To gain better insight into the role played by each resonance with mass M � 2 GeV, weshow curves obtained using the model M2 by switching o� each resonance. Table V givesthe �2 for each case, without further minimizations.In the following, we concentrate on the model M2 in order to investigate contributionsfrom various resonances. The points discussed below do not depend on the total cross-sectiondata, but they embody e�ects from all other �tted observables. Moreover, we present thee�ects of each resonance with respect to the �tted data base. Here, in order to limit thenumber of �gures, we summarize our �ndings in Table V, the content of which is explainedbelow.The integrated �2 in model M2 can be written as a sum of �ve partial �2i s,�2 = 5Xi=1�2i ; (29)where i refers to the data sets, namely,i = 1 : CLAS di�erential cross-sections ((d�)CLAS),i = 2 : SAPHIR di�erential cross-sections ((d�)SAPHIR),i = 3 : CLAS recoil polarization asymmetry (P ),i = 4 : LEPS polarized beam asymmetry (�),i = 5 : Bonn polarized target asymmetry (T ).Then, for each switched o� resonance, and without further minimizations, we obtain therelevant integrated [�2]M2�N� and partial [�2]M2�N� for the observable i. (Here, the subscriptM2 �N� denotes that the particular resonance N� has been turned o�.) Finally, we de�nethe following ratio: Ri = [�2i ]M2�N�[�2i ]M2 ; (30)which gives a measure of the role of the relevant N� with respect to the observable numberedi. In columns 3 to 7 of Table V following found intervals are reported:1.01 � Ri � 1.43: *1.50 � Ri � 1.75: **2.01 � Ri � 4.38: ***6.03 � Ri � 7.96: ****10.23 � Ri � 13.36: ***** 26



Thus more stars indicate a larger role for a particular resonance on a particular observablei: Switched o� N� (�2M2�N�)d:o:f: R(d�)CLAS R(d�)SAPHIR RP R� RTS11(1535) 10.34 *** *** - * *S11(1650) 5.74 *** * * - *S11(1806) 6.51 *** *** ** * -P11(1710) 3.35 * * * - *P13(1720) 3.39 - * * * -P13(1900) 12.96 **** - *** *** -P13(1893) 4.61 ** - * * -D13(1520) 20.03 ***** *** *** - **D13(1700) 3.46 * * * - *D13(1954) 26.45 ***** *** *** *** *D15(1675) 3.58 * * - * *F15(1680) 4.98 ** * ** * -F15(2000) 7.15 *** * * *** *TABLE V: Schematic presentation of the role played by each resonance in the process p ! K+�.First column: switched o� resonance in model M2; second column: reduced �2 without furtherminimizations to be compared with the (�2M2)d:o:f = 3.32 for the model M2 (see Table III). Thethird to sevenths columns give the intervals of Ri (Eq. 30) with the number of stars as de�ned inthe text. The three new resonances investigated here are given in bold.In few cases, the Ri is slightly smaller than 1.01, shown by a hyphen (-) in that Table.The cell on left-top (Fig. 13) shows the e�ects of S11 resonances. The lightest resonancea�ects the total cross section signi�cantly above its mass, due to constructive interferenceterms, and contributes clearly to the �rst maximum. This is also the case for the S11(1650),with smaller e�ects close to threshold. The 3rd S11 intervenes around 1.8 GeV and brings indestructive interference. The �rst and third S11 resonances play important roles (Table V) inthe di�erential cross-section data from CLAS and SAPHIR, while the second one is presentonly in the CLAS data.For the P-waves (Fig. 13, left-bottom cell), P11(1710) and P13(1720) have negligible con-27



tributions and they do not appear in any of the observables (Table V). According to thesame Figure and Table, the P13(1900) has strong manifestations within the CLAS di�erentialcross-sections and, to a less extent, in the P and T polarization observables.In the spin 3/2 D-waves case (Fig. 13, right-top cell), the �rst such state plays an impor-tant role with interference e�ects turning from constructive to destructive around 1.9 GeV.Table V shows that the D13(1520) is a crucial ingredient in reproducing the CLAS data andis important with respect to the SAPHIR results. The role of the D13(1700) is negligible,while the 3rd D13 has a clear role between roughly 1.8 GeV and 2.0 GeV (Fig. 13) and turnsout to be a key element, Table V, for all observables, except T .The spin 5/2 D- and F-waves show no signi�cant e�ects in the total cross-section (Fig. 13,right-bottom cell). However, Table V underlines the importance of the F15 resonances,especially the second one.To summarize this Subsection, we �nd that:� Among the known resonances, the most relevant ones are: S11(1535), P13(1900), andD13(1520);� Three other ones are required by data other than those from SAPHIR: S11(1650),F15(1680), and F15(2000);� Among the three new resonances, the D13(1954) plays a crucial role in all observables,except perhaps in the beam polarization asymmetry. The S11(1806) plays an importantrole with respect to both di�erential cross-section data sets, and the polarized recoildata. The P13(1893) has a less strong role than the two previous resonances and showsup mainly in the CLAS cross-section data.4. Indications on the missing resonances from other sourcesHere we give a brief account of �ndings reported in the literature with respect to the newresonances discussed above.The search for missing resonances has been initiated by predictions formulated in threepioneer approaches: i) Relativized quark formalism [26{29], ii) Algebraic approach [31], iii)Hypercentral constituent quark model [32]. The resonances given in Table IV are compatiblewith predictions of the above works. 28



There are also indications about those resonances by several authors, summarized below.It is worthwhile keeping in mind that all the results mentioned below and referring to theCLAS data, use the CLAS 2004 results [2] and not the more recent data [1]. So, conclusionsbased on those works have to be updated.a) Third S11The extracted values for the mass and width of a new S11 are close to those predicted bythe authors of Ref. [39] (M = 1.712 GeV and � = 184 MeV), as a KY bound state.The chiral constituent quark approach used in the present work served [23, 40] in theinterpretation of the p ! �p data and put forward strong indications for a third S11 withM = 1.780 GeV and �=280 MeV.For the one star S11(2090) resonance [36] and where the mass ranges between 1.880 GeVto 2.180 GeV, the Zagreb group's coupled channel analysis [41] produces the following valuesM = 1.792 � 0.023 GeV and � = 360 � 49 MeV. The same one star resonance was invokedin the 1.932 GeV to 1.959 GeV range, using a reggeized isobar model [42] to investigate thep ! �0p reaction. Still another isobar approach [44] investigation of the p ! �p putsforward an S11 resonance with M =1.825 GeV and �=160 MeV.A self-consistent analysis of pion scattering and photoproduction within a coupled channelformalism, indicates [43] the existence of a third S11 resonance with M =1.803 � 0.007 GeV.Finally, one of the main recent experimental sources on baryon resonances comes fromthe BES Collaboration [45, 46], using J=	 decay channels. In an early stage, they concen-trated [45] on neutral pion and � �nal states: J=	! pp��; pp�. The authors could identifythe two known S11 resonances and extracted their masses and widths in agreement with thePDG values. They found a structure at M = 1800 MeV, the quantum numbers of whichcould not be identi�ed because of lack of statistics.b) Third P13Very recently, the BES Collaboration has released [46] data for charged pion �nal states:J=	 ! p�+n; n��p. Besides again identifying the two known S11 resonances, they putforward the following interesting results: i)The Roper P11 resonance's mass and width arereported, M = 1358 � 6 � 16 MeV and � = 179 � 26 � 50 MeV, to be signi�cantly smallerthan their widely used values. ii) A fourth resonance was identi�ed by the authors with M= 2068 � 3+15�40 MeV and � = 165 � 14 � 40 MeV, 3/2+ spin parity.c) Third D13 29



The �rst indication of a new D13 with a mass close to 1.9 was suggested by Mart andBennhold [8], who analyzed the SAPHIR 1998 data [64] within an isobar approach. Sub-sequently, as already mentioned, it was shown that those data could be reproduced bothwithin an isobar model and a constituent quark approach [24]. With the advent of newresults from SAPHIR [3] in 2004 and, by now outdated results from CLAS [2], Mart etal. [66] reached the conclusion that the manifestations of such a resonance appeared to bepoorly-determined.Within an isobar model, including s- and t-channel contributions in the tree approxima-tion, Anisovich et al. [67] analyzed the processes p ! �N; �N;K+�; K+��; K��+ andsuggested a new D13 with M = 1875 � 25 and � = 80 � 20. The authors report a less strongindication for an additional D13 with M = 2166 +50�80 and � = 300 � 65, that they attributeto the N*(2080) of PDG. However, recent results from the CB-ELSA Collaboration [68] onthe p ! N�(��) ! ��p puts this latter two star resonance at M = 1943 � 17 and � =82 � 20.A hybrid isobar plus Regge model has been developed by Corthals et al. [15]. Accordingto the Regge background model used, a D13(1895) appears or vanishes. The authors suspecta role for signi�cant �nal state interactions not included in their approach. Such e�ects arealso absent in all isobar models discussed above.Such e�ects, as well as intermediate state reactions, are of course embodied in the coupled-channel approaches based on the K-matrix formalism developed by the Giesssen [16] andGroningen [17] groups, though both groups use isobar models for the direct processes. Nei-ther of those works show evidences for new resonances. However, the Giessen group �ttedseparately SAPHIR and CLAS 2004 data and the Groningen group used only SAPHIR data.Finally, an investigation [47] of the relations between the S-matrix and time delay in �Ninteractions, concluded that a D13(1940) could appear.In summary, the three new resonances investigated in this work support the more or lessstrong indications already reported in the literature.5. Coupled-channel e�ectsIt is useful to explore the di�erences between the coupled-channel approach presented hereand the tree-diagram models often used in the previous studies of kaon photoproduction.30
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coupled-channel e�ects are turned o�, the resulting di�erential cross sections (dotted curve)would largely overestimate the cross sections; especially in the energy region W � 1:6 � 2GeV. Obviously, the resonance parameters extracted from using the tree-diagram model willcontain such theoretical uncertainties.6. Meson cloud e�ects on N� excitationsIn the dynamical study of the � resonance, it was found [35, 38] that the dressed N ! �transition contains a large contribution due to the mechanism that the bare � state is notdirectly excited by the incident photon, but by the pion �rst produced by the non-resonantmechanism. This contribution, commonly termed as the \meson cloud e�ect", can alsobe identi�ed within the coupled channel model considered here. Within the formulationpresented in Section II, the meson cloud e�ect is contained in the terms within the squarebrackets of Eq. (9). Obviously such a meson cloud e�ect is absent in the tree-diagram modelde�ned by Eq. (31). We also note that the calculation of these meson cloud terms involveintegrations over the o�-shell matrix elements of nonresonant amplitudes tN;KY and tN;�N .Such o�-shell dynamics is neglected in the K-matrix coupled-channel model [16].The meson cloud e�ect on the resonances can be illustrated by comparing the multipoleamplitudes calculated with and without the terms within the square brackets of Eq. (9).Other quantities of the coupled-channel equations are kept the same in these two calcula-tions. In Fig. 15, the full curves correspond to the full M2 model, while the dotted lines areobtained by turning o� terms within the square brackets of Eq. (9), showing the importanceof meson cloud e�ects in interpreting the extracted N� parameters. To further understandthe meson cloud e�ects, we need to extend the present model to investigate electroproduc-tion data such that the Q2 evolution of the multipole amplitude can be extracted, as hasbeen done in the study of the � resonance of Ref. [35, 38]. Our e�ort in this direction willbe reported elsewhere.In that Figure the dashed lines are obtained by switching o� the relevant third reso-nances investigated here. These results con�rm our conclusions in Sec.III B 3, namely, theD13(1954) plays a crucial role, S11(1806) has a signi�cant e�ect, and contributions from thethe P13(1893) resonance are smaller than those from the two other new resonances.32
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We have �rst applied our formalism to the �p ! KY and KY ! KY (K � K�; K+,and Y � �; ��; �+) by improving our previous work [19] and comparing successfully ourresults with the existing data. We have hence �xed the interactions v�N;KY and vKY;KY , aswell as relevant N� parameters. Then, starting from the formalism reported in Ref. [18], wehave developed a more advanced coupled-channel approach. For the direct p ! K+� wehave used a chiral constituent quark model [23]. The relevant data have been used to �xthe strengths of intervening resonances within the broken SU(6) 
O(3) symmetry.Good �ts to all of the available data of ��p! K���, ��p! K���, and p! K+� havebeen achieved. We have demonstrated that the coupled-channel e�ect can strongly changethe results from the often used tree-diagram models. We have also found that the mesoncloud e�ects on N ! N� are important in interpreting the extracted resonance parameters.This work shows that the most relevant known resonances in p ! K+� process are:S11(1535), P13(1900), D13(1520), and to a lesser extent F15(1680) and F15(2000). Contribu-tions from three new nucleon resonances have been extensively studied leading to convincingmanifestations of a D13 resonance with M = 1.954 GeV and � = 249 MeV. Rather signi�cante�ects due to a S11 resonance with M = 1.806 GeV and � = 300 MeV is observed. A nonnegligible role is also found for a P13 resonance with M = 1.893 GeV and � = 204 MeV.Accounts of indications on those resonances from other sources were summarized.As a next step, the very new data from LEPS [6] and forthcoming polarized beamdata from GRAAL and beam - recoil double polarization asymmetries from CLAS andGRAAL, will hopefully clear up the experimental situation with respect to some inconsis-tencies within the present data base. Moreover, the ongoing extension of our approach tothe p ! K+��; K��+ channels will certainly bring in processes.Finally, we emphasize that the present coupled-channel calculation is still far from beingcomplete. While the coupling with the �N channel has been included, it is necessary toextend the present investigation to include the other channels, in particular the two-pionchannels. Thus the extracted resonance parameters should be considered preliminary. Butthey could serve as the starting points for performing a more advanced coupled-channelcalculation including additional meson-baryon channels (e.g. �N , !N , ��N (�N; ��; �N))and to �t simultaneously all meson photoproduction data.34
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