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DIFFRACTIVE � MESON ELECTROPRODUCTIONAT HIGH Q2 AND HIGH jtj�Xavier JanssenyOn behalf of the H1 CollaborationUniversité Libre de BruxellesBd du Triomphe, CP 230, B-1050 Brussels, Belgiume-mail: janssen�hep.iihe.a.be(Reeived July 3, 2002)The eletroprodution of � mesons is studied at HERA with the H1detetor at high Q2 and high jtj. Cross setions are measured as a funtionof Q2, W and t. The W dependene of the �p ross setion is observedto inrease with Q2 from values ompatible with soft Pomeron exhange atlow Q2 to a hard dependene at large Q2. Spin density matrix elementsare measured and their dependene is ompared with a two gluon exhangemodel.PACS numbers: 13.60.Le 1. IntrodutionWe present results on the di�rative eletroprodution of � mesons in epsattering at high energy: ep! e�Y , �! �+��, where Y is either a proton(�elasti� sattering) or a baryoni system of mass MY muh lower than the�p enter of mass (ms) energy W (�proton dissoiative� sattering.)At low Q2, the modulus of the intermediate photon four-momentumsquared, the �p ross setion is haraterized by a �soft� energy dependenedue to pomeron (P) exhange with d�=dt / W 4(�P(t)�1), where the softpomeron trajetory is parametrized [1℄ as �P(t) = �P(0) � �0 jtj ' 1:08 �0:25 jtj, t being the square of the four-momentum transfer to the proton.For Q2 larger than a few GeV2, perturbative QCD (pQCD) is expetedto apply and di�rative � prodution is viewed in the proton rest frame as� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.y The author is supported by the F.R.I.A (Belgium).(3529)



3530 X. Janssena sequene of three proesses well separated in time: the photon �utuationinto a q�q pair, the hard interation of the q�q pair with the proton via theexhange of two gluons in a olor-singlet state, and the q�q pair reombinationinto a real � meson. The ross setion is then proportional to the squareof the gluon density in the proton whih provides a fast inrease of the �pross setion with the energy (�hard� behavior) [2℄.The data, taken with the H1 detetor in 1997 and 2000, orrespondto integrated luminosities of 6 pb�1 and 42 pb�1, respetively. The 1997data are dediated to the study of the �high jtj� regime [3℄ in the kinematidomain jtj < 3 GeV2, 2:5 < Q2 < 30 GeV2 and 40 < W < 120 GeV.This sample inludes both elasti and proton dissoiative events. The �highQ2� regime is investigated using the 2000 data in the kinemati domain2:5 < Q2 < 60 GeV2, 40 < W < 180 GeV and jtj < 0:5 GeV2 (elastihannel only). 2. Cross setionsThe Q2 dependene of the �p ! �p ross setion for W = 95 GeV ispresented in Fig. 1(a). A �t of the form d�dQ2 / 1=(Q2 +m2�)n for the range8<Q2<60GeV2 results in n = 2:60 � 0:04 (full line).
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(a) (b)Fig. 1. (a) �(�p ! �p) as a funtion of Q2 for W = 95 GeV, together withprevious measurements [4, 5℄. Full line: see text. (b) Results of �ts to exponentialdistributions of the t dependene of �(�p ! �p), presented as a funtion of Q2together with previous results from � [4�6℄ and J= [7℄ measurements.



Di�rative � Meson Eletroprodution at High Q2 : : : 3531The t dependene of the ross setion is parametrized as d�dt /exp(�bjtj).Measured values of the b parameter are shown as a funtion ofQ2 in Fig. 1(b):b dereases as Q2 inreases, re�eting the derease of the transverse size ofthe q�q pair, down to values lose to that of the J= in photoprodution [7℄.The W dependene of the �p ! �p ross setion, parametrised as�(W ) / W Æ, has been measured in four Q2 intervals (Fig. 2). A leartransition from a �soft� to a �hard� behavior is observed when Q2 inreases,reahing values similar to the J= in photoprodution [7℄, where the harmquark mass ats as a hard sale in pQCD.
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(a) (b)Fig. 2. (a) �(�p! �p) as a funtion of W in four Q2 intervals. (b) Results of �tsof the form W Æ to the W dependene of �(�p! �p) (full lines in (a)), presentedas a funtion of Q2 together with previous � [4, 8℄ and J= [7℄ measurements.3. Spin density matrix elementsThe measurement of the prodution and deay angular distributionsgives aess to the spin density matrix elements, whih haraterise theheliity states of the photon and the � meson, and whih are bilinear om-binations of the heliity amplitudes T��� [9℄, where ��,� = �1; 0; 1 standfor the heliities of the � meson and the photon, respetively. The ma-trix element r0400 and the ombinations r500 + 2r511 and r100 + 2r111 have beenmeasured for the �high jtj� and the �high Q2� data samples.Assuming s-hannel heliity onservation (SCHC), the heliity of the �meson and the photon are the same and the ombinations r500 + 2r511 and



3532 X. Janssenr100 + 2r111 vanish. Calulations based on pQCD [10, 11℄ predit SCHC vio-lations with the following qualitative t dependenes: a ratio onstant with tfor the heliity onserving amplitudes (T00 and T11), a pjtj dependene forthe ratio of the single heliity �ip (T01 and T10) to the non-�ip amplitudesand a linear dependene for the ratio of the double �ip (T1�1) to the non-�ipamplitudes. The matrix element r0400 is related to the ratio of the longitu-dinal to transverse non-�ip amplitudes; the t dependene of the r500 + 2r511ombination is dominated by the T01 amplitude, and that of the r100 + 2r111ombination by jT01j2.Fig. 3(a) presents R = �L=�T as a funtion of Q2, extrated from themeasurement of the r0400 matrix element. The signi�ant inrease of R withQ2 is ompatible with a pQCD based predition [13℄, shown as a full line.
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(a) (b)Fig. 3. Measurements of (a) R = �L=�T as a funtion of Q2, together with pre-vious measurements [4�6, 12℄ (b) r0400 as a funtion of jtj, together with previousmeasurements [4, 14℄ Full lines: see text.The t dependene of the r0400 matrix element and of the ombinationsr500 + 2r511 and r100 + 2r111 are presented in Figs. 3(b) and 4. The expetedSCHC violation is on�rmed. The �high jtj� sample is well desribed by thepredition based on the model from Ref. [10℄. The very weak dependene ofr0400 with jtj indiates that, in the measured range, the longitudinal and thetransverse ross setions have similar t dependenes.
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Fig. 4. Measurements of (a) r500 + 2r511 and (b) r100 + 2r111 as a funtion of jtj,together with previous measurements [4, 14℄. Full lines: see text.4. ConlusionsThe eletroprodution of � mesons has been studied at HERA with theH1 detetor at high jtj and high Q2. The W dependene of the �p rosssetion is observed to evolve with Q2 from a behaviour ompatible with softPomeron exhange at low Q2 to a hard dependene at large Q2. At highQ2, the W and the t dependenes for � eletroprodution beome similar toJ= photoprodution. The r0400 spin density matrix elements and the ombi-nations r500 + 2r511 and r100 + 2r111 have been measured as a funtion of t. Nosigni�ant t dependene is observed for r0400, and the t dependenes of ther500 + 2r511 and r100 + 2r111 ombinations are in agreement with perturbativeQCD preditions.
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