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DVCS vs GPDs: WHAT DOES DVCS TELL USABOUT GPDs?�Andreas FreundInstitut für Theoretishe Physik, Universität RegensburgD-93040 Regensburg, GermanyMartin MDermottDivision of Theoretial Physis, Dept. Math. Sienes, University of LiverpoolLiverpool, L69 3BX, UKand Mark StrikmanThe Pennsylvania State University, Department of PhysisUniversity Park, 16802 PA, USA(Reeived June 27, 2002)As reent studies have shown, the most popular models for generalizedparton distributions annot desribe the new data from the H1, ZEUS,HERMES and CLAS experiments on Deeply Virtual Compton Sattering(DVCS) if a full QCD analysis inluding evolution is performed. In thisnote, we will disuss why this is the ase and how the problem an be uredthereby produing a very good desription of the H1 data.PACS numbers: 11.10.Hi, 11.30.Ly, 12.38.Bx1. IntrodutionGeneralized Parton Distributions (GPDs) have enjoyed a tremendousinterest in the last few years [1�3℄. This was spurred by the realizationthat these distributions are not only the basi, non-perturbative ingredientin hard proesses suh as deeply virtual Compton sattering (DVCS) butthat they are generalizations of the well known parton distributions (PDFs)from inlusive reations, inorporating both a partoni and distributional� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3561)



3562 A. Freund,M. MDermott, M. Strikmanamplitude behavior. Therefore, they enode within their struture more in-formation about the hadroni degrees of freedom than PDFs. Unfortunately,the modeling of GPDs has not yet produed very satisfatory results whenomparing to reent data both from H1 and ZEUS [3℄ on the DVCS photonlevel ross setion, �(�+p! +p), [4,5℄ and from HERMES and CLAS [3℄on the DVCS single spin asymmetry (SSA) [4,5℄ or harge asymmetry (CA)in both leading (LO) and next-to-leading order (NLO). On the one hand,the urrently most viable models, phenomenologially speaking, rely on anappealingly simple struture, on the other hand, one of the ingredients ofthis simple struture is at the heart of the problem. Thus, the question toanswer is �How an one modify this Ansatz without destroying its simple,and thus appealing, struture ?�. To do this, let us �rst disuss GPDs inmore detail.2. GPDs: de�nition, models, problems and ureIn general, matrix elements of twist-2, bi-loal, renormalized operatorssandwihed between unequal proton momenta P1; P2 appearing in the de-sription of hard, exlusive reations an be expressed through a two di-mensional spetral representation, parameterized through funtions alleddouble distributions (DDs) [1, 6℄. The GPDs are obtained through a redu-tion from the two dimensional to a one dimensional spetral representationwhih relates the DDs to the GPDs viaH(x; �) = 1Z�1 dx0 1�jx0jZ�1+jx0j d� Æ �x0 + ��� x� FDD(x0; �) ; (1)where x0 and � are in general independent of one another, but are now relatedin Eq. (1) via a Æ funtion. The GPD, H, is de�ned on the interval [�1; 1℄with x a parton momentum fration de�ned with respet to the averageof P1; P2 and � = �(q1 + q2)2=(q1 + q2) (P1 + P2) = xbj2�xbj , a generalizedBjorken variable, with q1; q2 being the momenta of the inoming photonand the outgoing partile. The GPD has two regions in whih its behavioris qualitatively di�erent: the ERBL region �� � x � � where the GPDbehaves like a distribution amplitude and the DGLAP region � � jxj � 1where the GPD has a partoni interpretation akin to the standard PDFs.The most popular model used for FDD has a fatorized t-dependene [1℄:FQ=gDD (x0; �; �2; t) = �Q;g(x0; �) fQ=g(x0; �2) rQ=g(t) ; (2)where �Q;g(x0; �) are the pro�le funtions [1℄ for quarks and gluons. Havingde�ned the model for the double distribution one may then perform the



DVCS vs GPDs: What Does DVCS Tell Us About GPDs? 3563�-integration. This modi�es the limits on the x0 integration aording tothe region onerned: for the DGLAP region x > j�j one hasHQ;a(x; �) = 1� x+�1+�Zx��1�� dx0�Q�x0; x� x0� �Qa(x0) ; (3)with similar expressions for �q and for q and �q in the ERBL region. Note thatthe gluon is formed analogously to the quark and that Qa(x) = qa(x)=x. Letus now turn to DVCS. The photon level ross setion is de�ned in terms ofDVCS, amplitudes, TDVCS, as�DVCS(�p! p) = �2x2bj�Q4B jTDVCSj2jt=0 ; (4)where B stems from the t-integration. For simpliity, we have assumeda global t dependene, eBt, with the slope, B, of the t dependene �xedat an average value of 6:5 GeV2 for onveniene. How to ompute TDVCSthrough H an be found in great detail in [4, 5℄. It was shown in [4℄ thatat both a high and low input sale one annot desribe the H1 data withthe above DD model. The problem was traed to the imaginary part ofthe amplitude and thus, in LO, diretly to the quark-singlet GPD at �,� / jImTDVCSj2 / jHsinglet(�; �)j2. The reason for the enhanements inthe GPDs using the DD model an be readily understood if one inspetsthe lower limit of integration in Eq. (3). There one noties that it probesthe region x0 ! 0 for the limiting ase of x ! �, analogous statements aretrue for the ERBL region. This limit requires to extrapolate any �o�-the-shelf� inlusive distribution beyond the point where it is onstrained by data.Sine the relevant forward PDFs, in this ase the quark sea, are all stronglydivergent for x0 ! 0, one is dealing with a DD at the input sale with alarge ontribution from a region whih should not ontribute strongly at all,leading to a quark GPD whih is too large. This problem does not our forthe gluon due to a muh milder divergene in the forward PDF. How anthe problem with the quark GPD be remedied? In the last referene of [2℄ asuessful desription of DVCS, in terms of agreement with both ZEUS andH1 data, was ahieved within QCD by modeling the imaginary part of theDVCS amplitude at the input sale using the aligned jet model (AJM) [7℄.Using the AJM result and perturbative QCD in LO one obtains:ImTDVCSImTDIS = Hsinglet (�; �)Qsinglet(xbj) ' 2 ) Hsinglet (�; �) = 2Qsinglet(xbj) (5)



3564 A. Freund,M. MDermott, M. Strikmanfor small xbj. Note that the same relationship between GPD and PDF anbe obtained in a model where the bounds of the integrals in the redutionformula (3) are modi�ed for x � � through a onstraint on the invariantmass of the intermediate state in this region [8℄. The AJM onstraint an
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Fig. 1. Photon level ross setion �(�P ), at Q2 = 4:5 GeV2 in W (upper plot )and at W = 75 GeV in Q2 (lower plot) using the AJM Ansatz.be theoretially implemented within the DD Ansatz, however, a numerialimplementation is not possible within reasonable omputing time. Thus weassume Hsinglet (x; �) = Qsinglet(x) for small �, whih orresponds to thepro�le funtions being a Æ-funtion in the DD Ansatz. Also we know thatHsinglet(x;�)Qsinglet(x) ' 1 for x ' 2�3 � so this model is lose the AJM one. We assumethe same for the gluon, giving us a viable input model for the GPD Hq;singletand Hg in the DGLAP and the ERBL region. Note that after just a shortevolution step Q0 � 1! 2�3 GeV2 the AJM onstraint (Eq. (5)) is already



DVCS vs GPDs: What Does DVCS Tell Us About GPDs? 3565reahed and at a value of Q2 whih is in the region of validity of the AJMmodel. Using this model and three di�erent LO and NLO input distributionswe �nd the following DVCS ross setion in very good agreement, at least forthe MRST01 input, with the H1 data in LO and NLO, Fig. 1. ComputingDVCS asymmetries at large xbj, we �nd the following values for the SSA andCA for average HERMES kinematis of hxi = 0:11; hQ2i = 2:56 GeV2; hti =�0:265 GeV2: SSA = �0:19 (LO), �0:17 (NLO) with the experimentalvalue being �0:21 � 0:08 [9℄ and CA = 0:03 (LO), 0:05 (NLO) with theexperimental value being 0:055 � 0:04 [9℄. For average CLAS kinematishxi = 0:19; hQ2i = 1:31 GeV2; hti = �0:15 GeV2 we �nd: SSA = 0:14 (LO)and the experimental value is 0:202 � 0:041. This demonstrates that ourmodel Ansatz works surprisingly well even at large xbj and provides a goodstarting point to make �ts to the available data.REFERENCES[1℄ A.V. Radyushkin, Phys. Rev. D56, 5524 (1997); A.V. Radyushkin, Phys. Rev.D59, 014030 (1999).[2℄ X. Ji, J. Phys. G 24, 1181 (1998); D. Müller et al., Fortsh. Phys. 42, 101(1994); J.C. Collins, A. Freund, Phys. Rev. D59, 074009 (1999); L. Frankfurt,A. Freund, M. Strikman, Phys. Rev. D58, 114001 (1998); Erratum Phys. Rev.D59, 119901 (1999).[3℄ HERMES Collaboration, Phys. Rev. Lett. 87, 182001 (2001); ZEUSCollaboration, hep-ex/0003030; H1 Collaboration, Phys. Lett. B517, 47(2001); CLAS Collaboration, Phys. Rev. Lett. 87, 182002 (2001).[4℄ A. Freund, M. MDermott, Phys. Rev. D65, 091901 (2002); Phys. Rev. D65,074008 (2002); Eur. Phys. J. C23, 651 (2002).[5℄ A.V. Belitsky et al., Nul. Phys. B629, 323 (2002); Phys. Lett. B510, 117(2001).[6℄ M.V. Polyakov, C. Weiss, Phys. Rev. D60, 114017 (1999).[7℄ J.D. Bjorken, J.B. Kogut, Phys. Rev. D8, 1341 (1973).[8℄ A. Freund, M. MDermott, M. Strikman, C. Weiss, work in progress.[9℄ R. Shanidze, for the HERMES Collaboration, Ata Phys. Pol. B33, 3779(2002), these proeedings. Note that the quoted experimental value of theharge asymmetry is half that of the atual one due to a di�erene in thenormalization by a fator of 2.


