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PROSPECTS FOR DIFFRACTION AT HERA-II�P. NewmanyUniversity of BirminghamB15 2TT, UK(Reeived September 16, 2002)New opportunities for the Study of Di�ration in the seond phase ofHERA operation are disussed.PACS numbers: 13.60.�r 1. IntrodutionThe progress made in the understanding of hard di�ration has been oneof the major suess stories of the �rst phase of HERA operation. As an beseen from the many new results presented at the DIS02 workshop [1℄, thereis still muh to be learned from the HERA-I data. In mid-2000, work om-mened on a major upgrade of HERA with the prinipal aim of improvingthe instantaneous luminosity. By the end of 2006, an integrated luminos-ity of 1 fb�1 is expeted. In this report, the new possibilities for di�rativemeasurements o�ered by the improved statistis, new and upgraded detetoromponents and polarised and redued-energy beams are disussed.2. Improved statistisOne the full HERA-I dataset has been fully analysed, systematiallylimited measurements of inlusive di�ration at moderate Q2 and of vetormeson ross setions at low Q2 and jtj are expeted to be available. The mostpreise measurements of proesses in whih the proton is sattered elastiallyare urrently obtained using large rapidity gap requirements. The limitingsystemati unertainty in this method arises from the unknown ontributions� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.y Supported by the UK Partile Physis and Astronomy Researh Counil (PPARC).(3585)



3586 P. Newmanfrom proton dissoiation, typially at the level of 5�10% [2℄. To obtainhigher preision, large datasets with tagged leading protons, eliminatingthis dominant systemati, will be neessary.On the other hand, there are many di�rative �nal state and exlusivemeasurements where the limitations after analysis of the full HERA-I datasetwill remain statistial. One example is di�rative D� prodution. The ZEUSollaboration has now analysed the full HERA-I dataset [3℄, but the result-ing sample of approximately 250 events in the D� ! K�� hannel remainsinsu�ient to learly distinguish between models or to measure double dif-ferential ross setions. Di�rative dijet prodution [4℄ does not su�er fromquite the same statistial limitations as di�rative harm, though very fewevents have so far been olleted in the ruial regions of phase spae wherethe di�rative �nal state onsists exlusively of jets. The `hard' exlusiveprodution of two or three high pT jets is partiularly well suited to pertur-bative QCD (pQCD) alulations [5℄ and is sensitive to the nature of thedi�rative prodution mehanism.Exlusive vetor meson prodution is strongly suppressed with inreasingQ2 due to the higher twist nature of the proesses. Only very limited dataexist so far for any vetor meson proess with Q2 >� 20 GeV2. In two-gluonexhange models, the appropriate fatorisation sale at whih the gluon den-sity is probed may be signi�antly lower1 than Q2, whih illustrates the needfor preision measurements at higher Q2, where pQCD an unambiguouslybe applied. The large jtj region of vetor meson prodution, whih remainsthe most promising hannel at HERA to learly identify BFKL e�ets [7℄,is similarly suppressed by the steeply falling t distribution. For the � me-son, the statistis are very poor so far [8℄. Large statsits from HERA-IIare needed in order to test the preditions that the energy dependene of �photoprodution is even steeper than that of the J= [9℄ and to investigatethe large expeted e�ets from skewing of the parton densities.The �rst measurements of DVCS at HERA [10,11℄ have generated greatexitement due to their relation to generalised parton densities (GPDs) [12℄.Although the full HERA-I dataset as analysed by ZEUS [11℄ ontains severalthousand events, there is a lear need for muh larger samples to measurethe asymmetries whih will lead to the �rst meaningful onstraints on GPDs(see Setion 4).1 e.g. in [6℄, the sale for � prodution is taken to be �Q2 � z(1� z)Q2 � Q2=4, wherez is the fration of the photon longitudinal momentum transferred to the quark inthe � ! q�q splitting.



Prospets for Di�ration at HERA-II 35873. Tagged protonsAs disussed above, substantial improvements in the preision on quan-tities suh as FD2 will require e�ient proton tagging. Diret leading protonmeasurements also allow measurements of t dependenes and their variationswith other kinemati variables. Although variations in the energy depen-dene with t have now been measured for vetor meson proesses, leadingto extrations of the e�etive pomeron trajetory, the results for inlusivedi�ration remain inonlusive [13, 14℄. The degree of `shrinkage' with in-reasing energy has important onsequenes for the interpretation of inlu-sive di�ration in terms of hard (little shrinkage) and soft (more shrinkage)ontributions. A further interesting possibility o�ered by tagged leadingprotons is the investigation of possible asymmetries in the distribution inazimuthal angle between the proton and lepton sattering planes, where the�rst data are again inonlusive [13℄. This asymmetry is sensitive to thelongitudinal struture funtion FDL [15℄.

(a) (b)Fig. 1. Illustration of the aeptane regions of (a) the H1 VFPS and (b) the H1VFPS and FPS ombined. Aeptanes of above 90% are oded red, with eahsubsequent olour oding overing a range of 10%.At the end of 2002, the H1 ollaboration will install a new `Very ForwardProton Spetrometer' (VFPS) [16℄, approximately 200 m downstream ofthe interation point. For a spetrometer in this region, the beam optisgenerate a dispersion in xP and high aeptane an thus be maintaineddown to zero angle sattering (t = tmin). The aeptane of the devie in the



3588 P. Newman(xP; t) kinemati plane is illustrated in �gure 1(a). Although the aeptanein xP is limited, the VFPS o�ers the opportunity to ollet a very largesample of data (� 350 pb�1 by 2006) in a well de�ned xP and t region.Suh a sample will be well suited to the extration of di�rative partondensities at �xed xP[17℄ and tests of di�rative hard sattering fatorisationthrough dijet and harm measurements with leading protons also tagged inthe VFPS. Performing this programme of work at �xed xPremoves the needfor Regge assumptions on the xP dependene. Together with the existingFPS stations nearer to the interation region, there is at least some leadingproton aeptane over a wide kinemati region (Fig. 1(b)).4. Polarised leptonsAs a part of the HERA upgrade, new spin rotators and polarimeters havebeen installed, suh that the lepton beam will be polarised as it passes H1and ZEUS and the degree of polarisation measured with high auray. Thisopens up possibilities for improved studies of the heliity struture of vetormeson prodution and o�ers the possibility of muh improved onstraintson GPDs. A variety of DVCS observables are sensitive to GPDs, whih areomprehensively reviewed in [12℄. Asymmetries in the ross setion with theazimuthal angle � between the lepton and proton sattering planes and withthe polarisation and harge of the lepton beam are predited to be relativelylarge and an all be measured at HERA-II. Measurements at lower energieshave already been obtained by the HERMES ollaboration [18℄.5. Redued proton beam energyThe possibility of running HERA for a period with redued proton beamenergy, for example to ollet a sample of approximately 50 pb�1 at Ep =400 GeV has been disussed. The priniple motivation is the measurementof the inlusive FL and of F2 at relatively large x and low Q2. Suh a runwould raise several opportunities for di�rative studies.Reduing Ep modi�es the aeptane regions of the detetors as a fun-tion of kinemati variables, opening up new kinemati regions for study. Anexample is shown in �gure 2(a), whih shows the aeptanes for �! �+��(Q2 > 4 GeV2) with the requirement that both deay pions lie withinthe approximate aeptane range of the main H1 and ZEUS traking de-tetors (20Æ < �� < 160Æ) for the urrent proton beam energy and forEp = 400 GeV. The aeptane is extended to lower W than is previ-ously the ase, whih would yield improved measurements of the energydependene, enhaned sensitivity to the e�etive �0 desribing any possibleshrinkage and, in the framework of two-gluon exhange models, sensitivityto the gluon density at larger values of x. Similar extensions to lower Wwould be available for all di�rative hannels.
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(a) (b)Fig. 2. (a) Aeptane funtions at di�erent Ep values for the detetion of bothpions from the deay �0 ! �+�� in the H1 and ZEUS entral traking detetors forexlusive � prodution with Q2 > 4 GeV2. (b) Aessible regions for measurementsof FD2 in the (�;Q2) kinemati plane at xP= 0:05 for two di�erent Ep values.The available phase spae for measurements of FD2 would also be ex-tended, either to higher xP at �xed � or to higher � at �xed xP. This isillustrated in �gure 2b, whih shows the available phase spae for FD2 mea-surements in the (Q2; �) plane with typial uts, at �xed xP= 0:05 and twodi�erent values of Ep. At these large xPvalues, the extended phase spaewould improve the sensitivity to sub-leading exhanges. Throughout thephase spae, more preise extrations of di�rative parton densities [17℄ at�xed xPwould be possible.Most importantly, modifying the proton beam energy would lead to adiret FDL extration, through omparison of FD2 data at �xed x, Q2 andxP, but di�erent y values. Earlier studies [19℄ have shown that a 40% dif-ferential measurement of FD(3)L with omparable statistial and systematierrors would be possible with 50 pb�1 at Ep = 500 GeV and 250 pb�1 atEp = 820 GeV. 6. OutlookAt HERA-I, we have started to understand di�ration in QCD, but manyimportant questions still do not have de�nitive answers. With the furtherfator of 10 inrease in statistis expeted at HERA-II, new detetors, lep-ton beam polarisation and the possibility of redued proton beam energyrunning, many experimental and theoretial hallenges still lie ahead. It islear that the story of di�ration at HERA is far from over!
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