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PROTON-DISSOCIATIVE DIFFRACTIVEPHOTOPRODUCTION OF VECTOR MESONSAT HIGH MOMENTUM TRANSFER AT HERA�Katarzyna KlimekInstitute of Experimental Physis, Hamburg UniversityLuruper Chaussee 149, 22761 Hamburg, Germany(Reeived June 24, 2002)Di�rative photoprodution of vetor mesons, p ! V Y , where Y isthe proton-dissoiative system, has been measured in e+p interations withthe ZEUS detetor at HERA using an integrated luminosity of 25 pb�1.The di�erential ross setion, d�=dt, and a deay-angle analysis for �0, �and J= mesons are presented for a photon-proton entre-of-mass energy80 < W < 120 GeV and �t < 12 GeV2, where t is the square of the four-momentum transferred to the vetor meson. The t distributions are well�t by a power law, d�=dt / (�t)n. The slope of the Pomeron trajetory,measured from the W dependene of the � and � ross setions in binsof t, is onsistent with zero. The ratios d�p!�Y =dt to d�p!�Y =dt andd�p!J= Y =dt to d�p!�Y =dt inrease with inreasing �t. For the �0 and� mesons a ontribution from single and double heliity �ip is observed.The results are ompared to expetations of theoretial models.PACS numbers: 13.60.Le 1. IntrodutionThis study [1℄ desribes measurements of proton-dissoiative vetor me-son prodution, ep ! eV N , where V = �0; �; J= and Y is the protondissoiative system. Our aim is to examine whether t, the four-momentumtransfer squared between the photon and the �nal-state vetor meson, mayalso serve, like the photon virtuality Q2 or the vetor meson mass, as a hardQCD sale, as predited in [2℄. In partiular, the di�erential ross setion d�dtand the slope of the Pomeron trajetory is ompared to the preditions of thepQCD-based models; as are the deay-angle distributions of the �nal-statemesons.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3541)



3542 K. KlimekThe sattered positron was deteted in the Photoprodution Tagger(PT), an eletromagneti alorimeter installed 44 m from the interationpoint in the diretion of the outgoing positron, ensuring that the virtualityof the exhanged photon is Q2 < 0:02 GeV2. This small value of Q2 allowsa preise determination of t from the measurement of the meson transversemomentum with respet to the beam diretion, pT (here t = �p2T is a verygood approximation).The data were olleted in 1996 and 1997 with the ZEUS detetor atHERA and orrespond to an integrated luminosity of 25 pb�1.2. AnalysisThe ZEUS detetor has been desribed in detail elsewhere [3℄. The mainomponents for this analysis are the Central Traking Detetor (CTD) [4℄and the high-preision uranium-sintillator alorimeter (CAL) [5℄.The study was restrited to events with (1) two well-measured traks inthe CTD having an invariant mass onsistent with the mass of the vetormeson under study, (2) no energy in the CAL other than that assoiatedwith either the two traks or the dissoiated-proton system Y and (3) thesattered positron deteted in the PT. The seleted events have a gap ofat least two units of rapidity between the dissoiated nuleoni system andthe traks. The p entre-of-mass energy was restrited to the range 80 <W < 120 GeV (where the tagging e�ieny is reliably known). The triggeronditions require �t > 1 GeV2.For the simulation of the reation ep! eV Y , the EPSOFT Monte Carlogenerator [6℄ was used, reweighted to desribe the data.3. Results3.1. Di�erential ross setions and ross setion ratiosFigure 1 shows the di�erential ross setions d�dt for the �0, � and J mesons together with pQCD BFKL alulations [7℄, whih were �tted tothe data desribed here. The predition agrees well with the data. Theross setions are well desribed by a power dependene on t, A (�t)�n for�t > 1:2 GeV2, as expeted for a hard prodution mehanism. The �t givesn = 3:21 � 0:04 (stat.)�0:15 (syst.) for the �0, n = 2:7 � 0:1 (stat.)�0:2(syst.) for the � and n = 1:7�0:2 (stat.)�0:3 (syst.) for the J= prodution.
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0 1 2 3 4 5 6Fig. 1. The di�erential ross setions d�=dt for proton-dissoiative photoprodu-tion of (a) �0, (b) � and () J= mesons, in the range 80 < W < 120 GeV. Thesolid urves show a pQCD alulation [7℄. The inner error bars indiate the sta-tistial error, the outer bars the statistial and systemati unertainties added inquadrature. The shaded band orresponds to the unertainty due to the modelingof the hadroni system.The ratios of the di�erential ross setion d�dt (p! �N)=d�dt (p! �0N)and d�dt (p! J= N)=d�dt (p! �0N) are shown in Fig. 2. A rise of the �=�0ratio up to �t � 4 GeV2 is observed, approahing the SU(4) value1. A learinrease of the (J= )=�0 ratio with inreasing �t is also observed, althoughthe ratio is signi�antly smaller than the SU(4) value of 8:9 up to �t valuesof 4 GeV2.1 The SU(4) predition, whih ignores the meson mass di�erenes, is that the ouplingstrengths of the photon to the �0; !; � and J= mesons should be in the ratios 9 : 1 :2 : 8.
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1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6Fig. 2. The ratio of the �=� photoprodution (a) and of the (J= )=� photoprodu-tion (b). The inner bars indiate the statistial error and the outer bars representthe statistial and systemati unertainties added in quadrature. The shaded bandsrepresent the size of the unertainties due to the modeling of the dissoiative sys-tem Y . 3.2. The e�etive slope of the Pomeron trajetoryThe e�etive slope of the Pomeron trajetory, �0, was determined bystudying the relative hanges of the W dependene of the ross setion asa funtion of t for the �0 and � mesons2 [1℄. The slopes are �0 = �0:02 �0:05(stat:)+0:04�0:08(syst:) for the �0 meson and �0=�0:06�0:12(stat:)+0:05�0:09(syst:)for the � meson. These values are lower than the value �0 = 0:25 GeV�2,whih is harateristi of soft hadroni proesses at �t < 0:5 GeV2 andalso lower than those obtained in elasti vetor-meson photoprodution atHERA for �t < 1:5 GeV2 [8, 9℄. This observation indiates that �0 de-reases with inreasing �t. The small value for �0 is onsistent with pQCDexpetations [10, 11℄.3.3. Deay-angle analysis for the �0 and � mesonsThe angular distributions of the meson deay produts were used to de-termine some of the �0 and � spin-density matrix elements. From the deayangular distribution W (os�;'; �) [12℄, where �, ' and � are the deay2 The interept of the Pomeron trajetory is not measured, sine it is a�eted by largeorellated systemati unertainties.



Proton-Dissoiative Di�rative Photoprodution . . . 3545angles de�ned in the s-hannel heliity frame3, three matrix elements wereevaluated: r0400, orresponding to the probability that the meson is produedin the heliity 0 state and Re [r0410℄ and r041�1 orresponding to the interferenebetween the heliity non-�ip amplitude and single or double heliity-�ip am-plitude, respetively. If s-hannel heliity onservation (SCHC) holds, thematrix elements r0400, Re [r0410℄ and r041�1 are zero.In Fig. 3 the values of r0400 and r041�1 for the �0 and � mesons are displayedas funtion of t, together with ZEUS measurements at lower �t [13℄. Thesmall values of r0400 indiate that the heliity single-�ip probability is smallover the t entire range. However, the non-zero values of Re [r0410℄ indiate aheliity single-�ip ontribution at the level of a few perent. The non-zerovalues of r041�1 show lear evidene for a heliity double-�ip ontribution.
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Fig. 3. The values of (a) r0400 , (b) Re [r0410 ℄ and () r041�1 for proton-dissoiative �0(left) and � (right) photoprodution as a funtion of �t. The inner bars indiatethe statistial error and the outer bars represent the statistial and systematiunertainties added in quadrature. The dashed line shows the SCHC predition.3 The s-hannel heliity frame is de�ned as the rest frame of the meson in whih themeson diretion in p entre-of-mass frame is taken as the quantization axis.



3546 K. Klimek3.4. ConlusionsIn onlusion, these results imply that large values of �t an provide asuitable hard sale for perturbative QCD alulations.REFERENCES[1℄ ZEUS Collaboration, S. Chekanov et al., Preprint DESY-02-072, DESY, 2002,hep-ex/0205081, subm. to Eur. Phys. J.[2℄ L. Frankfurt, M. Strikman, Phys. Rev. Lett. 63, 1914 (1989); A.H. Mueller,W-K. Tang, Phys. Lett. B284, 123 (1992).[3℄ ZEUS Collaboration, M. Derrik et al., The ZEUS Detetor Status Report1993, DESY.[4℄ N. Harnew et al., Nul. Instrum. Methods A279, 290 (1989).[5℄ M. Derrik et al., Nul. Instrum. Methods A309, 77 (1991).[6℄ M. Kasprzak, PhD thesis, Warsaw University, DESY F35D-96-16 (1996).[7℄ J.R. Forshaw, G. Poludniowski, Vetor meson photoprodution at high �t andomparison to HERA data, preprint hep-ph/0107068.[8℄ ZEUS Collaboration, J. Breitweg et al., Eur. Phys. J. C14, 213 (2000).[9℄ S. Chekanov et al., (ZEUS Collaboration) Preprint DESY-02-008, DESY,2002, Eur. Phys. J. C24, 345 (2002), subm. to Eur. Phys. J.[10℄ J. Bartels et al., Phys. Lett. B375, 301 (1996).[11℄ D.Yu. Ivanov et al., Phys Lett. B478, 101 (2000), erratum in Phys. Lett.B498, 295 (2001).[12℄ K. Shilling, G. Wolf, Nul. Phys. B61, 381 (1973).[13℄ J. Breitweg et al., (ZEUS Collaboration), Eur. Phys. J. C14, 213 (2000).


