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COUPLED CHANNEL STUDY OF K+�PHOTOPRODUCTIONB. JULIA-DIAZ, B. SAGHAIDSM/Dapnia, Laboratoire de recherche sur les lois fondamentales de l'Univers,CEA/Saclay, 91191 Gif-sur-Yvette, FranceE-mail: bruno.julia-diaz@cea.fr, bijan.saghai@cea.frT.-S.H. LEE�Physics Division, Argonne National Laboratory, Argonne, IL 60439, USAE-mail: lee@phy.anl.govF. TABAKINyDepartment of Physics and Astronomy,University of Pittsburgh, PA 15260, USAE-mail: tabakin@pitt.eduA coupled channel model with 
N , KY and �N channels has been used to analyzethe recent data of 
p! K+�. The non-resonant interactions within the subspaceKY � �N are derived from e�ective Lagrangians using a unitary transformationmethod. The direct photoproduction reaction is obtained from a chiral constituentquark model with SU(6)
 O(3) breaking. Missing baryon resonances issues arebrie
y discussed.1. IntroductionOur knowledge of associated strangeness photoproduction processes hasbeen greatly improved in recent years thanks to measurements performedat several facilities, JLAB 1;2, ELSA 3;4 and Spring-8 5. This databaseshould serve to shed light on the properties of known, poorly known, andmissing resonances.Our main aim in this contribution is to analyze the reaction 
p! K+�making use of a coupled channel formalism. This work is an extension of�U.S. Department of Energy, O�ce of Nuclear Physics, Contract no. W-31-109-ENG-38.yNational Science Foundation, grant no. 0244526 at the University of Pittsburgh.1



December 6, 2005 10:44 Proceedings Trim Size: 9in x 6in Nstar052Refs. [6, 7, 8] with improvements in the derivation of the meson-baryonintermediate states (�N ! �N , �N ! KY , and KY ! KY ) and makinguse of the quark model of Refs. [9, 10] for the direct and resonance photo-production of K+�. A more detailed description of this investigation willbe reported elsewhere 11.The main physics under scrutiny are the properties of resonances. Thisanalysis should improve our knowledge of the properties of more or less wellknown resonances and also possible manifestations of missing resonances,predicted by QCD-inspired approaches 12. In our study a 3rd S11, 3rd P13and 3rd D13 resonances are considered and their relevance is examined.2. Theoretical modelA simple glimpse at the cross sections for meson photoproduction revealsthat the pion photoproduction process is orders of magnitude larger thanfor strange photoproduction 13. Thus, it is obvious that part of the strangeproduction 
ux will come from �rst producing a �N intermediate statewhich subsequently decays into the KY system. A suitable method to ac-count for these processes, as well for the �nal state interactions, is to con-sider a coupled channel formalismwhich includes the most relevant openedchannels in the considered regime.Studying the e�ects of coupled channels is however an involved taskdue to the many intermediate and �nal state channels which are active.Thus, we need to have reasonable models for the following mechanisms:
N ! �N , �N ! �N , �N ! KY and KY ! KY in the consideredtotal center-of-mass energy regime, W � 1:6� 2:7 GeV. The main sourcesutilized in this work are Ref. [14] for �N and Ref. [7] with a number ofimprovements in the formulation for the KY hadronic channels.The procedure employed 7 to �t the parameters involved in the modelhas been to �rst �x the meson-baryon model parameters performing a �2�t to the available �N ! KY data. Then the photoproduction process hasbeen studied keeping the meson-baryon part unaltered.The direct K� photoproduction process is handled using the quarkmodel of Refs. [9, 10]. That approach allows one to include all 3 and 4star resonances and contains one adjustable parameter per resonance withmasses below 2 GeV, due to the SU (6) 
 O(3) symmetry breaking.A detailed description of the formalism will be published elsewhere 11.



December 6, 2005 10:44 Proceedings Trim Size: 9in x 6in Nstar05 3
1.6 1.8 2 2.2

W (GeV)

0

0.5

1

1.5

2

2.5

3

σ to
t (

µb
)

Figure 1. Total cross section as a function of the centre of mass energy. Solid curvecorresponds to the full model, dotted, dashed and long dashed correspond to switchingo� the 3rdP13, 3rdS11 and 3rdD13 resonances, respectively. Circle symbols, are SAPHIRdata, Ref. 3. Square symbols correspond to the data from CLAS 1.3. ResultsThe present experimental status is the following: there are two quite com-plete measurements of the di�erential cross section performed at CLAS 1and SAPHIR 3. The most recent CLAS data 1 for di�erential cross sectionsshows a closer agreement to SAPHIR data than those released 2 previously.Secondly there are measured data for recoil polarization asymmetry fromCLAS 2 and also polarized photon asymmetry measured at LEPS 5.We have performed a thorough study of the compelete database 11.Fitting separately SAPHIR and CLAS data, leads to reduced �2 of 1.3and 2.1, respectively. Then, �tting simultaneously all cross section andpolarization asymmetry data, we get �2d:o:f � 3.In �g. 1 the total cross section predicted by this model is comparedto the data. To study the role played by new resonances introduced, wealso show results obtained by switching o� those resonances one by one,without further �ttings. Here, we emphasize that discrepencies betweenthe two data sets are much smaller in the di�erential cross sections thanin the total cross sections shown here. Larger discrepencies in the lattercase are very likely due to the angular range covered by each data set and



December 6, 2005 10:44 Proceedings Trim Size: 9in x 6in Nstar054extrapolation methods used to extract the total from the di�erential crosssections.The �gure summarizes our main �ndings which are to be presented ina longer discussion 11: the full model allows for a good reproduction ofthe data, the possible in
uence of the 3rdP13 is very minor, and �nallythe role played by 3rdS11 and 3rdD13 are sizable. The mass and widthof these resonances in this model are : S11 [M=1.84 GeV, �=283 MeV]and D13[M=1.93 GeV, �=252 MeV]. These �ndings are in line with otherstudied with respect to the manifestations of a new S11, Ref. [10], and anew D13, Ref. [15], resonances.References1. R. Bradford et al., arXiv:nucl-ex/0509033; R. Schumacher, private communi-cation (2005).2. J.W.C. McNabb et al., Phys. Rev. C 69, 042201 (2004); J.W.C. McNabb,PhD Thesis, CMU (2002); R. Schumacher, private communication (2003).3. K.H. Glander et al., Eur. Phys. J. A 19, 251 (2004).4. R. Lawall et al., Eur. Phys. J. A 24, 275 (2005).5. R.G.T. Zegers et al., Phys. Rev. Lett. 91, 092001 (2003).6. W.-T. Chiang, F. Tabakin, T.-S. H. Lee, B. Saghai, Phys. Lett. B 517, 101(2001).7. W.-T. Chiang, B. Saghai, F. Tabakin, T.-S. H. Lee, Phys. Rev. C 69, 065208(2004).8. B. Juli�a-D��az, et al., Nucl. Phys. A 755, 463 (2005).9. Z. Li, Phys. Rev. C 52, 1648 (1995).10. B. Saghai and Z. Li, Eur. Phys. J. A 11, 217 (2001).11. B. Juli�a-D��az, et al., to be submitted to Phys. Rev. C.12. See e.g. S. Capstick, W. Roberts, Prog. Part. Nucl. Phys. 45, 5241 (2000).13. V. D. Burkert and T. S. H. Lee, Int. J. Mod. Phys. E 13, 1035 (2004).14. T. Sato and T.-S. H. Lee, Phys. Rev. C 54, 2660 (1996); Phys. Rev. C63,055201 (2001).15. A.V. Sarantsev et al., Eur. Phys. J. A 25, 441 (2005); T. Corthals et al.,arXiv:nucl-th/0510056.


