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DEEPLY VIRTUAL COMPTON SCATTERINGAT HERA�R. StamenOn behalf of the H1 and ZEUS CollaborationsUniversität Dortmund, Dortmund, Germany(Reeived August 12, 2002)Results on Deeply Virtual Compton Sattering in eletron proton in-terations by the H1 and ZEUS experiments are reviewed. Measured rosssetions as a funtion of the photon virtuality Q2 and the photon�protonenter of mass energy W are presented and ompared to di�erent theoret-ial preditions based on the olour dipole model and Generalised PartonDistributions.PACS numbers: 13.60.Fz 1. IntrodutionDeeply Virtual Compton Sattering (DVCS) is the elasti sattering ofa virtual photon o� a hadron. In eletron proton ollisions the inidenteletron emits a photon with virtuality Q2, whih subsequently interatswith the proton (�gure 1). The �nal state ontains a real photon togetherwith the elastially sattered proton and the eletron. The �nal state protonalso might break up whih is not onsidered further.
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3556 R. StamenThe proess is similar to the elasti prodution of vetor mesons with thereal photon replaing the vetor meson. The proess is di�rative and leadsto the possibility of extrating the so alled Generalised Parton Distribu-tions (GPD's). These are well de�ned objets whih appear in alulationsof several exlusive reations. They unify information from di�erent dataontaining information about the proton struture (e.g. elasti proton formfators and parton density funtions). However, they ontain additionalinformation (e.g. on the orbital angular momentum of the partons in theproton) whih is so far unexplored.The Bethe�Heitler (BH) proess where a real photon is emitted by theinoming or outgoing eletron and the interation with the proton is medi-ated by photon exhange, also ontributes to the reation ep �! ep, Theinterferene term between the DVCS and BH proesses leads to azimuthalasymmetries. The BH proess is purely eletromagneti and an be al-ulated to high preision in the framework of QED. Future HERA ollidermeasurements might aess the interferene term whih has already been ob-served in low energy ep sattering experiments [1,2℄. The aim of the presentmeasurements is the determination of the diret ontribution of the DVCSproess to the ross setion.The existing models for the desription of DVCS an be grouped intwo lasses, the olour dipole models [3, 4℄ and the models based on QCDalulations using Generalised Parton Distributions [5�7℄. In some olourdipole models e�ets due to GPDs are also modelled.In the olour dipole piture, whih is applied in the proton rest frame,the photon �utuates into a quark�antiquark dipole well before the inter-ation with the proton. After the interation the quark�antiquark systemreombines to a real photon. The �utuation of the photon into the quarkantiquark system and the reombination to a real photon an be alulatedin perturbation theory. The interation with the proton is parametrised bya dipole ross setion whih has to be extrated from data. Although theolour dipole models di�er in detail, the preditions for DVCS are quite sim-ilar. The models only alulate the diret ontribution of the DVCS proessto the ross setion. The interferene term with the BH proess is negleted.In a leading order QCD expansion the virtual photon interats witha quark from the proton whih emits the real photon before reombiningwith the proton. At next to leading order, diagrams have to be onsideredwhere two gluons are exhanged. These are modelled using the GeneralisedParton Distributions. A leading order alulation has been performed byFrankfurt, Freund and Strikman [5℄ whih alulate the in�uene of GPD'sby the omparison of evolution e�ets in ordinary parton density funtionsw.r.t. GPD's. A omplete LO and NLO alulation was arried out by



Deeply Virtual Compton Sattering at HERA 3557Freund and MDermott [6℄ using di�erent types of GPD's as input. Ananalysis up to twist three auray has been performed by Belitsky, Müllerand Kirhner [7℄. 2. Analysis strategySine the total ross setion for the reation ep �! ep is dominated bythe Bethe�Heitler proess, the data analysis is restrited to a region in phasespae where the BH proess is suppressed and the DVCS proess is sizable.In addition a sample of events dominated by the Bethe�Heitler proess isseleted to demonstrate the understanding of the detetor.In both analyses by H1 [8℄ and ZEUS [9℄ events are seleted with oneeletromagneti energy deposition in the entral region of the detetor and aseond one in the bakward region, de�ned by the diretion of the inominglepton beam. If a trak is reonstruted it is required to math with oneof the two lusters whih then de�nes the sattered eletron. If no trak isreonstruted the bakward luster is assumed to be the eletron sine thereis not full overage of traking devies in the bakward diretion.It is then required that the detetor shows no additional signal abovethe noise level sine the sattered proton leaves the main detetor throughthe forward beam pipe. In the H1 analysis additional detetors plaed inthe forward diretion lose to the beam pipe are used to further suppressthe bakground from proton dissoiation events.The sample is divided into two subsamples where a ontrol sample on-sists of events with the eletron andidate identi�ed in the entral region ofthe detetor. In this sample the DVCS ontribution is kinematially sup-pressed to a negligible level. Sine the ontrol sample is dominated by theBH proess whih is preisely alulable in the framework of QED it is usedto ontrol the detetor performane.The DVCS enrihed sample onsists of events where the eletron is sat-tered in the bakward diretion and the photon is identi�ed in the entralpart of the detetor. In this sample a large exess of events above the BHproess is observed whih an be attributed to the DVCS proess.3. ResultsCross setions for the reations ep �! ep and �p �! p have beenextrated using the DVCS enrihed data sample. Figure 2 shows the di�er-ential ross setions resulting from the ZEUS analysis. The measurementsare made as a funtion of Q2 and W in the kinemati range Q2 > 5GeV2,40 < W < 140GeV, ET > 3GeV and �0:6 < � < 1:0 where ET and �are the transverse energy and the pseudorapidity of the real photon. The
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Fig. 3. Cross setions for the reation �p �! p as a funtion of Q2 and W . Themeasurement is ompared to the preditions by DD [4℄ and FFS [5℄.



Deeply Virtual Compton Sattering at HERA 3559Freund and Strikman and by Donnahie and Dosh(DD), based on the olourdipole model assuming a t�dependene with slope parameter b in the rangeb = 5�9GeV�2 represented by the bands for the theoretial preditions.Within the present auray of the data, both assumptions model the data.4. Prospets for the futureAfter the HERA upgrade a large inrease of luminosity is expeted, allow-ing more preise measurements. The H1 experiment installed an upgradedsilion detetor in the bakward region to ensure preise traking for sat-tered eletrons and to determine their azimuthal and polar sattering anglewhih will lead to a better resolution of the kinemati variables and smallersystemati errors.The interferene term of the DVCS and BH proesses whih ontainsadditional information about the GPD's an be aessed by the measure-ment of angular asymmetries [6, 7℄. Resolution studies have shown thatsuh asymmetry measurements are feasible when exploiting the newly builtdetetors. Furthermore polarised eletrons and positrons will be providedwhih will enable the measurement of spin and harge asymmetries, allowinga separation of the real and imaginary part of the QCD amplitude.5. SummaryThe �rst generation measurements of DVCS at the HERA ollider havebeen presented. Cross setions have been measured as a funtion of Q2 andW . Models based on olour dipoles as well as models based on GeneralisedParton Distribution desribe the data within the present auray. A largeinrease of data is expeted after the HERA upgrade whih enables morepreise measurements and a diret aess to the interferene term.This work is partly supported by the Bundesministerium für Bildung,Wissenshaft, Forshung und Tehnologie (01H11PEA/6) and a researh fel-lowship at the University of Dortmund.REFERENCES[1℄ S. Stepanyan et al. [CLAS Collaboration℄, Phys. Rev. Lett. 87, 182002 (2001).[2℄ A. Airapetian et al. [HERMES Collaboration℄, Phys. Rev. Lett. 87, 182001(2001).[3℄ M. MDermott, R. Sandapen, G. Shaw, Eur. Phys. J. C22, 655 (2002).[4℄ A. Donnahie, H.G. Dosh, Phys. Lett. B502, 74 (2001).



3560 R. Stamen[5℄ L.L. Frankfurt, A. Freund, M. Strikman, Phys. Rev. D58, 114001 (1998),Erratum D59, 119901 (1999).[6℄ A. Freund, M. MDermott, Eur. Phys. J. C23, 651 (2002).[7℄ A. V. Belitsky, D. Müller and A. Kirhner, Nul. Phys. B629, 323 (2002).[8℄ C. Adlo� et al. [H1 Collaboration℄, Phys. Lett. B517, 47 (2001).[9℄ ZEUS ontributed paper to the International Europhysis Conferene on HighEnergy Physis, Budapest, Hungary, July 12�18, 2001, Abstrat 564.


