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JETS AND Et FLOW IN DIFFRACTION AT HERA�Paul ThompsonShool of Physis and Astronomy, University of Birmingham, B15 2TT, UK(Reeived September 16, 2002)Reent measurements of di�rative multi-jet prodution and transverseenergy �ow in Deep-Inelasti Sattering (DIS) at HERA are presented. Thedata are used to investigate the fatorisation properties of di�rative DISand to examine its quantum hromodynami (QCD) struture.PACS numbers: 12.38.Qk, 13.87.Ce1. IntrodutionThe study of energy �ow and jet prodution in di�ration allows thenature of the strong interation at high energy to be investigated. The aimsof the measurements inlude testing QCD fatorisation and, in proesseswhere the transverse momentum pT is large, the data an be ompared withperturbative QCD alulations.The kinematis of di�rative Deep Inelasti Sattering (DIS) at HERA(ep! eXp) are illustrated in �gure 1. A photon of virtuality Q2, oupled to
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Fig. 1. Illustration of the kinemati variables used to desribe di�rative DIS.the eletron, undergoes a strong interation with the proton to form a �nalstate hadroni system X (mass MX ) separated by a large rapidity gap from� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3213)



3214 P. Thompsonthe leading proton. A fration xPof the proton longitudinal momentum istransferred to the system X. The virtual photon ouples to a quark arryinga fration � of the exhanged momentum. The squared four-momentumtransfer at the proton vertex is denoted t.2. The fatorisable Pomeron modelThe theorem of QCD hard sattering fatorisation [1℄ in di�ration statesthat at �xed values of xPand t di�rative parton density funtions (PDFs)may be de�ned whih evolve in x and Q2 aording to the DGLAP evo-lution equations. In addition to this proof it may be assumed that the xPand t dependene fatorises from the (�;Q2) dependene and has a formdesribed by a �ux fator based on Regge phenomenology [2℄. The di�ra-tive PDFs an be obtained from �ts to the di�rative struture funtionFD(3)2 (�;Q2; xP) [3℄. The parton densities of the di�rative exhange arefound to be dominated by gluons. These parton densities may be used inMonte Carlo programs to give preditions on the properties of the hadroni�nal state in di�ration.3. Colour dipole modelsAn alternative approah in desribing di�rative interations is to on-sider, in the proton rest frame, the sattering of q�q and q�qg �utuations ofthe virtual photon, as olour dipoles sattering o� the proton target. Theinteration of the dipole with the proton is desribed by the exhange of2 gluons and the ross setion is related to the gluon density within theproton. At large MX the q�qg ontribution is expeted to dominate. Colourdipole models inlude the �saturation� model [4℄ and the model of Ryskin [5℄.In di�rative �nal states with high transverse momentum e.g. high pT jetsthe data may be ompared with perturbative alulations suh as those per-formed by Bartels et al. [6℄.4. Measurements of event topologyIn �gure 2 (left) the average p2T is plotted as a funtion of xF = pL=pmaxL .In the �gure, ommonly referred to as the `seagull distribution', it an beseen that there is an inreasing asymmetry with MX between the photonhemisphere (positive xF) and the Pomeron hemisphere (negative xF). Thisasymmetry is well desribed both by the resolved Pomeron model whihinorporates a Pomeron remnant and by olour dipole models in whih q�qg�nal states are the dominant ontribution at large MX . Measurements ofthrust, the thrust angle, spheriity and energy �ow on�rm this piture [7℄.
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Fig. 2. (left) The `seagull' distribution at three di�erent values ofMX The data areompared with the resolved P and olour dipole models. (right) zPin dijet events.The data are ompared with di�erent parton densities of the resolved Pomeronmodel. 5. Jet produtionThe measurement of high pT jet prodution is sensitive to both the shapeand the magnitude of the gluon distribution of the di�rative exhange. Ahadron level estimate zjetsP of the partoni fration of the Pomeron's mo-mentum whih ouples with the virtual photon an be onstruted fromthe �nal state. In �gure 2(right) the resolved Pomeron model gives a gooddesription of the shape and normalisation of the zP distribution. In �g-ure 3 the data are also ompared with olour dipole models in the region ofappliability(xP< 0:01) as a funtion of Q2, pT; jets, zjetsP and the pT of thePomeron remnant. The perturbative alulation of Bartels et al. [6℄ providesa better desription than the �saturation� model [4℄ suggesting the impor-tane of kT ordering of the gluons and higher order QCD ontributions inthe modeling of jet data.
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0 1 2 3Fig. 3. The di�rative dijet ross setion in the region xP< 0:01. The data areompared with resolved P and olour dipole models.Higher order e�ets an be further investigated in the measurement ofdi�rative three jet prodution [8℄. In �gure 4(left) the di�erential jet shapeof the most forward jet ( the forward diretion is de�ned as the P diretion)and the most bakward jet (the jet losest to the  diretion) are shownin di�rative three jet events. The jet in the P diretion is observed to bebroader than that in the  diretion. This is onsistent with the Pomeronremnant jet being initiated by a gluon. In �gure 4(right) the ross setionfor the most forward jet is shown as a funtion of pT. The resolved Pomeronand the saturation model provide a better desription of the data when theColour Dipole Model, as opposed to parton showers, is used to model higherorder e�ets. The olour dipole model of Ryskin(labeled RIDI) is unable toprodue enough momentum to desribe the pT; jet distribution.



Jets and Et Flow in Di�ration at HERA 3217

Fig. 4. (left) The di�erential jet shape of the most forward and bakward jets inthree jet events. (right) The transverse momentum of the most forward jet. Thedata are ompared with the resolved Pomeron model and olour dipole models.6. New QCD �ts and the �nal stateThe H1 Collaboration reently released new preliminary FD(3)2 data [9℄based on a fator of 5 more luminosity than previous measurements. NewLO and NLO QCD �ts have been performed to this data [10℄ within theframework of the resolved Pomeron model. The �t onstitutes the �rst eval-uation of experimental and theoretial unertainties of the di�rative partondensity funtions. When the new LO parton densities are ompared withdijet data the shape ontinues to be well desribed but the normalisationis somewhat lower than that obtained from �ts to earlier data. However,the �t remains onsistent within the ombined unertainties of the modelparameters, sales and PDFs.REFERENCES[1℄ J. Collins, Phys. Rev. D57, 3051 (1998); Erratum, D61, 019902 (2000).[2℄ G. Ingelman, P. Shlein, Phys. Lett. B152, 256 (1985).[3℄ H1 Collaboration, Z. Phys. C76, 613 (1997).[4℄ K. Gole-Biernat, M. Wüstho�, Phys. Rev. D60, 114023 (1999).[5℄ M.G. Ryskin, Sov. J. Nul. Phys. 52, 529 (1990).[6℄ J. Bartels, H. Lotter, M. Wüstho�, Phys. Lett. B379, 239 (1996).
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