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225Kyungpook National University, Daegu 702-701, South Korea26University of Massahusetts, Amherst, Massahusetts 0100327Mosow State University, General Nulear Physis Institute, 119899 Mosow, Russia28University of New Hampshire, Durham, New Hampshire 03824-356829Norfolk State University, Norfolk, Virginia 2350430Ohio University, Athens, Ohio 4570131Old Dominion University, Norfolk, Virginia 2352932University of Rihmond, Rihmond, Virginia 2317333University of South Carolina, Columbia, South Carolina 2920834Union College, Shenetady, NY 1230835Virginia Polytehni Institute and State University, Blaksburg, Virginia 24061-043536University of Virginia, Charlottesville, Virginia 2290137College of William and Mary, Williamsburg, Virginia 23187-879538Yerevan Physis Institute, 375036 Yerevan, Armenia39University of Kentuky, Lexington, Kentuky 4050640University of North Carolina, Wilmington, North Carolina 2840341North Carolina Agriultural and Tehnial State University, Greensboro, North Carolina 2745542The Institute of Physial and Chemial Researh, RIKEN, Wako, Saitama 351-0198, Japan(Dated: Otober 22, 2005)The exlusive reation p ! �K0K+n was studied in the photon energy range between 1.6-3.8GeV searhing for evidene of the exoti baryon �+(1540) ! nK+. The deay to nK+ requiresthe assignment of strangeness S = +1 to any observed resonane. Data were olleted with theCLAS detetor at the Thomas Je�erson National Aelerator Faility orresponding to an integratedluminosity of 70 pb�1. No evidene for the �+ pentaquark was found. Upper limits were set on theprodution ross setion as funtion of enter-of-mass angle and nK+ mass. The 95% CL upperlimit on the total ross setion for a narrow resonane at 1540 MeV was found to be 0.8 nb.PACS numbers: 12.39.Mk, 13.60.Rj, 13.60.-r, 14.20.Jn, 14.80.-jFollowing the announement by the LEPS ollabora-tion [1℄ in 2003, many experiments [2, 3, 4, 5, 6, 7,8, 9, 10, 11℄ reported evidene of a new exoti baryonwith strangeness quantum number S = +1 and va-lene quark struture udud�s. The renewed interest inpentaquarks was motivated by a predition within theChiral Soliton Model [12℄ for a S = +1 baryon at amass of 1530 MeV and width of less than 15 MeV. Ifit exists, this would be the �rst observation of a baryonstate that is not made up of a simple 3-quark (qqq) va-lene on�guration. The observation of a seond pen-taquark, the ��� with dsds�u struture, was reportedby the NA49 ollaboration [13℄ and the �rst evidenefor an anti-harmed pentaquark, �, was found by theH1 Collaboration [14℄. On the other hand, in the pastyear reanalyses of data olleted in high-energy experi-ments [14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27℄show no evidene for pentaquarks, asting doubt on theirexistene. The experimental evidene, both positive andnegative, was obtained from data previously olletedfor other purposes in many reation hannels and un-der very di�erent kinemati onditions, whih likely in-volved dissimilar prodution mehanisms. Thus, diretomparisons of the results of the di�erent experimentsare very diÆult, preventing a de�nitive onlusion aboutthe pentaquark's existene. A seond generation of dedi-ated experiments, optimized for the pentaquark searh,was undertaken at Je�erson Lab. These photoprodu-tion experiments over the few-GeV beam-energy region

where most of the positive evidenes were reported, witheah olleting at least an order of magnitudemore statis-tis than any of the previous measurements. The massresolution is of the order few MeV and the auray ofthe mass determination is approximately 1-2 MeV, allow-ing preise determination of any possible narrow peaks inthe deay distributions.This Letter presents the �rst result from the dedi-ated experimental program at Je�erson Lab to searhfor pentaquarks. We report on the searh for the �+in the reation p ! �K0K+n. We searhed for the �+baryon in its K+n deay mode, whih learly identi�esthe baryoni state in assoiation to the �K0 to have pos-itive strangeness. This hannel was previously investi-gated at ELSA by the SAPHIR ollaboration [4℄ in asimilar photon energy range, �nding positive evidene fora narrow �+ state with M = 1540 MeV and full widthhalf maximum (FWHM) � < 25 MeV. A total produ-tion ross setion of the order of 300 nb (redued laterto 50 nb as reported in Ref. [28℄) was reported. For the�rst time, our new results put previous positive �ndingsto a diret test.This measurement was performed using the CLAS [29℄detetor at Je�erson Lab in the experimental Hall-B witha bremsstrahlung photon beam produed by a primaryontinuous eletron beam of energy E0 = 4.0 GeV. Abremsstrahlung tagging system [30℄, whih measures theenergy of eah interating photon with resolution of 0.1%E0 was used to tag photons in the energy range 1.6-3.8
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FIG. 3: The nK+ invariant mass distribution after all uts.It is smooth and no narrow strutures are evident. The arrowshows the position where evidene for the �+ was found byprevious experiments. The inset shows the nK+ mass dis-tribution with spei� uts to reprodue the SAPHIR analy-sis [4℄ as desribed in the text.To enhane our sensitivity to a possible resonane sig-nal not visible in the integrated distribution, we onsid-ered the two-body reation p ! �K0�+(1540) and se-leted di�erent KS ( �K0) enter-of-mass angle intervals.Monte Carlo studies of the CLAS aeptane for this re-ation showed that we ould detet events over the entireangular range (0Æ-180Æ), with some redution of eÆienyat forward angles (�CM�K0 < 30Æ). No strutures were foundin the distribution when spei� angular ranges were se-leted.Sine no signal was found, an upper limit for the �+prodution ross setion in this reation hannel was ex-trated. The unbinned nK+ mass spetrum was �t inthe range 1.45 - 1.8 GeV using a maximum likelihoodproedure, with the sum of a narrow Gaussian funtionand a 5th-order polynomial that parameterizes, respe-tively, the �+ ontribution and a smooth bakground.To derive the orresponding event yields, the �tted fun-tions were integrated over �3� around a �xed mass po-sition. The �t proedure was repeated varying the reso-nane position from 1520 to 1600 MeV in 5 MeV stepswhile the width � was �xed at 3.5 MeV. This value wasderived by Monte Carlo simulation assuming a negligi-ble intrinsi width as suggested from reent analyses ofKN sattering data [35℄ and therefore dominated by theCLAS experimental resolution. The validity of the MonteCarlo simulations in reproduing the experimental datawas heked by omparing the predited with measured

widths of narrow states suh as the �+ and ��.The data set was independently analyzed by threegroups, eah one deriving the estimate of the �+ and thebakground yields. The three analyses di�er in the rea-tion seletion uts, in the bakground rejetion riteria,and in the �t of the mass spetra. The three results werefound onsistent and ombined together taking the aver-age of the event yields, for both signal and bakground,in the onservative assumption of totally orrelated mea-surements. These values were then used to evaluate anupper limit at 95% CL on the �+ yield using the Feldmanand Cousins approah [36℄.The upper limit on the yields was then transformedinto an upper limit on the �+ prodution ross se-tion taking into aount the luminosity of inident pho-tons and target, the CLAS detetion aeptane, the�K0 ! KS ! �+�� branhing ratios of 50%�69% [34℄,the assumed �+ branhing ratio to nK+ of 50%, and sev-eral models for the prodution mehanism. The CLASaeptane for the detetion of the �+ in this reationwas obtained by means of detailed Monte Carlo studieswhih inluded knowledge of the detetor geometry andresponse to traversing partiles. In the simulation thep ! �K0�+ ! �+��K+n distributions were generatedassuming �ve di�erent �+ prodution mehanisms: t-exhange dominane (the �K0 is mainly produed at for-ward angles in the enter-of-mass system), u-exhangedominane (at bakward angles), uniformly distributed,and using the preditions of the model in Ref [37℄ (withand without K� exhange proess). For the t-exhangehypothesis we used the same angular distribution as forp ! K+��(1520) prodution, whih exhibits a typialt-hannel forward peaking behavior [38℄. The u-exhangedistribution was generated the same way but interhang-ing the enter-of-mass angles of the �K0 and �+. TheCLAS overall detetion eÆienies obtained with di�er-ent prodution mehanisms varied between 2.8% for thet-exhange hypothesis and 5.2% for the angular distribu-tion of Ref. [37℄ when noK� exhange proess is inluded.All the upper limits reported in this artile were derivedin the most onservative senario, i.e. in the t-exhangehypothesis.The upper panel in Fig. 4 shows the upper limit onthe total ross setion as a funtion of the �+ mass. Anupper limit of 0.8 nb was found for M = 1540 MeV.The proess to extrat the yield was repeated for eahangular bin to derive the 95% CL upper limit on the�+(1540) di�erential ross setion d�=d os � �K0CM . Theresult is shown in the lower panel of Fig. 4. The rosssetion upper limit remains within about 1-2 nb for mostof the angular range and rises at forward angles due tothe redued CLAS aeptane. As a hek on our pro-edure, we extrated the di�erential and the total rosssetion for several known reations from the same dataset, �nding overall good agreement within experimen-tal unertainties with the existing world measurements.
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