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Exlusive Meson Prodution at NLOMarkus Diehl and Wolfgang KuglerDeutshes Elektronen-Synhroton DESY22603 Hamburg, Germany
DESY 07-093

We report on numerial studies of the NLO orretions to exlusive meson eletropro-dution, both in ollider and �xed-target kinematis. Corretions are found to be hugeat small xB and sizeable at intermediate or large xB.1 Motivation and general frameworkGeneralized parton distributions (GPDs) are a versatile tool to quantify important aspetsof hadron struture in QCD. They ontain unique information on the spatial distribution ofpartons [1℄ and on the orbital angular momentum they arry in the proton [2℄. The theo-retially leanest proess where GPDs an be studied is deeply virtual Compton sattering(similar to inlusive DIS, whih plays a dominant role in onstraining the usual parton den-sities). Hard exlusive meson prodution is harder to desribe quantitatively, but it providesopportunities to obtain important omplementary onstraints. In partiular, vetor mesonprodution is more diretly sensitive to the gluon distributions, whih enter the Comptonamplitude only at next-to-leading (NLO) order in �s. Together with a wealth of high-qualitydata [3℄, this warrants e�orts to bring meson prodution under theoretial ontrol as muhas possible.In the present ontribution [4℄ we investigate exlusive � prodution (�p ! �p) usingollinear fatorization, whih is appliable in the limit of large photon virtuality Q2 at �xedBjorken variable xB and �xed invariant momentum transfer t to the proton [5℄. In pratialterms, this means that the desription is restrited to suÆiently large Q2 but an be usedfor both small and large xB , thus providing a ommon framework for analyzing both olliderand �xed-target data. The proess amplitude an then be expressed in terms of GPDs forthe proton, the q�q distribution amplitude for the �, and hard-sattering kernels. The kernelsare known to NLO, i.e. to order �2s [6℄.The requirement of \suÆiently large" Q2 is demanding for meson prodution. Contri-butions that are formally suppressed by powers of 1=Q2 annot be alulated in a ompletelysystemati way, but the estimates [7, 8, 9℄ agree that for Q2 of several GeV2 the e�et of thetransverse quark momentum inside the meson annot be negleted in the hard-satteringsubproess, as it is done in the ollinear approximation. This e�et an be inorporatedin the modi�ed hard-sattering piture [7, 8℄, in olor dipole models [9℄, or in the MRTapproah [10℄. Unfortunately, the alulation of �s orretions remains not only a tehnialbut even a oneptual hallenge in these approahes, so that the perturbative stability oftheir results annot be investigated at present. One strategy in this situation is to study theNLO orretions in the ollinear fatorization framework, identifying kinematial regionswhere they are moderate or small. There one may use formulations inorporating powerorretions from transverse quark momentum with greater on�dene. This is the aim ofthe present ontribution.In the following we show results for the onvolution of the unpolarized quark and gluonGPDsHq andHg with the orresponding hard-sattering kernels and the asymptoti form ofthe � distribution amplitude. We model the GPDs using a standard ansatz based on doubleDIS 2007 1
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µ [GeV]Figure 1: Imaginary part of the onvolution integral for the sum of gluon and quark singletdistributions as a funtion of the renormalization and fatorization sale �.distributions [11℄, with the CTEQ6M distributions as input. Unless indiated expliitly, wetake t = 0 and set the fatorization and renormalization sales equal, � = �F = �R.2 Numerial results
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In a wide kinematial range at small xB ,we �nd huge NLO orretions whih haveopposite sign to the Born term and almostanel it. This is shown for xB = 2 � 10�3in Fig. 1, where there are indiations foran onset of perturbative stability at Q =7GeV, but not yet at Q = 4GeV. TakingxB = 2 � 10�4 one �nds no stability evenat Q = 7GeV, whereas for xB = 2 � 10�2the orretions are of tolerable size alreadyat Q = 4GeV.Figure 2 shows that in kinematis rele-vant for HERA measurements, NLO orre-tions have a huge e�et on the ross setionand moreover lead to a at energy behav-ior in onit with experiment. Due to thestrong anellations between LO and NLOterms, the dependene on fatorization andrenormalization sale is not redued whengoing to NLO.As already observed in [6℄ the large sizeof NLO orretions at small xB an betraed bak to BFKL-type logarithms appearing �rst at NLO for vetor meson produ-tion. Suh logarithms are present in many proesses (inluding DIS) but have a rather largenumerial prefator in the present ase. It is to be hoped that all-order resummation of2 DIS 2007
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