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AbstratThe dissoiation of virtual photons, ?p ! Xp, in events with a large rapiditygap between X and the outgoing proton, as well as in events in whih the lead-ing proton was diretly measured, has been studied with the ZEUS detetor atHERA. The data over photon virtualities Q2 > 2 GeV2 and ?p entre-of-massenergies 40 < W < 240 GeV, with MX > 2 GeV, where MX is the mass ofthe hadroni �nal state, X. Leading protons were deteted in the ZEUS lead-ing proton spetrometer. The ross setion is presented as a funtion of t, thesquared four-momentum transfer at the proton vertex and �, the azimuthal an-gle between the positron sattering plane and the proton sattering plane. It isalso shown as a funtion of Q2 and xIP , the fration of the proton's momentumarried by the di�rative exhange, as well as �, the Bjorken variable de�nedwith respet to the di�rative exhange.
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1 IntrodutionIn di�rative hadron-hadron or photon-hadron ollisions, the initial-state partiles un-dergo a \peripheral" ollision, in whih they either stay intat (elasti sattering), ordissoiate into low-mass states (di�rative dissoiation). The sattered hadron (or thelow-mass state in the dissoiative ase) has energy equal, to within a few per ent, to thatof the inoming hadron, and very small transverse momentum. Suh interations anbe desribed in the framework of Regge phenomenology, where they are asribed to theexhange of a trajetory with the vauum quantum numbers, the Pomeron trajetory [1℄.In the same framework, events in whih the hadron loses a somewhat higher fration ofits energy are asribed to the exhange of Reggeon and pion trajetories.Signi�ant progress has been made in understanding di�ration in terms of perturba-tive Quantum Chromodynamis (pQCD) by studying the dissoiation of virtual photons,?p! Xp, in di�rative deep inelasti ep sattering (DIS) at HERA, ep! eXp. The partof the DIS ross setion due to suh proesses may be expressed in terms of the di�rativeparton distribution funtions (PDFs) of the proton. Di�rative PDFs are de�ned as theproton PDFs probed when the proton emerges intat from the hard interation, su�eringonly a small energy loss.At high entre-of-mass energy, di�rative ep sattering is haraterised by the preseneof a leading proton in the �nal state arrying most of the proton beam energy and bythe presene of a large rapidity gap (LRG) in the forward (proton) diretion. Both ofthese signatures have been exploited at the HERA ollider to selet samples enrihed indi�rative events. Alternatively, a method has been used to determine statistially thenumber of di�rative events, based on the expeted di�erene in shape of the distributionsof the invariant mass, MX , for di�rative and non-di�rative events. These approahesare subjet to di�erent systemati unertainties.This paper presents results based on the detetion of a leading proton or of a largerapidity gap. The same data have also been analysed in terms of the shape of the MXdistribution [2℄. For the proton-tagged sample, the ZEUS leading proton spetrometer(LPS) was used; this data sample has events with sattered protons arrying a fration,xL, of at least 90% of the inoming proton momentum. For xL �< 0:98{0:99, the sampleis dominated by non-di�rative events, whilst for xL � 1, it onsists almost exlusively ofdi�rative events; therefore the transition between non-di�rative and di�rative regionsis studied. In the LRG sample the proton momentum is not measured, but events areseleted on the basis of the variable xIP , whih is the fration of the proton's momentumarried by the di�rative exhange, xIP ' 1� xL. Events in the LRG sample are requiredto have xIP < 0:02 and thus the sample mainly (�> 90%) onsists of di�rative events [3℄.The kinemati regions overed by the LRG and LPS results are: photon virtualities1



2 < Q2 < 305 GeV2 (LRG) or 2 < Q2 < 120 GeV2 (LPS), photon-proton entre-of-mass energies 40 < W < 240 GeV, hadroni �nal-state masses 2 < MX < 25 GeV (LRG)or 2 < MX < 40 GeV (LPS), proton frational momentum losses 0:0002 < xIP < 0:02(LRG) or 0:0002 < xIP < 0:1 (LPS) and values of the square of the four-momentumexhanged at the proton vertex 0:09 < jtj < 0:55 GeV2 (LPS).2 Experimental set-upThe data used for this measurement were taken with the ZEUS detetor at the HERAep ollider in the years 1999 and 2000, when HERA ollided positrons of 27.5 GeV withprotons of 920 GeV. The data used for the LRG and LPS analyses orrespond to integratedluminosities of 62.2 pb�1 and 32.6 pb�1, respetively.A detailed desription of the ZEUS detetor an be found elsewhere [4,5℄. A brief outlineof the omponents that are most relevant for this analysis is given below.Deep inelasti sattering events were identi�ed using information from the entral trakingdetetor (CTD), the uranium{sintillator alorimeter (CAL), the small angle rear trakingdetetor (SRTD), the rear part of the hadron-eletron separator (RHES) and the forwardplug alorimeter (FPC).Charged partiles were traked in the CTD [6℄. The CTD operated in a magneti �eldof 1.43 T provided by a thin solenoid. It onsisted of 72 ylindrial drift hamber layers,organised in nine superlayers overing the polar-angle1 region 15Æ < � < 164Æ. Thetransverse-momentum resolution for full-length traks was �(pT )=pT = 0:0058pT�0:0065�0:0014=pT , with pT in GeV.The CAL [7℄ onsisted of three parts: the forward (FCAL), the barrel (BCAL) andthe rear (RCAL) alorimeters. Eah part was subdivided transversely into towers andlongitudinally into one eletromagneti setion (EMC) and either one (in RCAL) or two (inBCAL and FCAL) hadroni setions (HAC). The smallest subdivision of the alorimeterwas alled a ell. The CAL energy resolutions, as measured under test-beam onditions,were �(E)=E = 0:18=pE for eletrons and �(E)=E = 0:35=pE for hadrons, with Ein GeV.The position of eletrons sattered at small angles to the eletron-beam diretion wasdetermined by means of the information from the CAL and the SRTD [8,9℄. The SRTDwas attahed to the front fae of the RCAL and onsisted of two planes of sintillator1 The ZEUS oordinate system is a right-handed Cartesian system, with the Z axis pointing in theproton diretion, referred to as the \forward diretion", and the X axis pointing left towards theentre of HERA. The oordinate origin is at the nominal interation point.2



strips, 1 m wide and 0.5 m thik, arranged in orthogonal orientations. Ambiguities inSRTD hits were resolved with the help of the RHES [10℄, whih onsisted of a layer ofapproximately 10,000 (2:96 � 3:32 m2) silion-pad detetors inserted in the RCAL at adepth of 3.3 radiation lengths.The FPC [11℄ was used to measure the energy of partiles in the pseudorapidity range� � 4:0� 5:0. It was a lead{sintillator sandwih alorimeter read out by wavelength-shifter (WLS) �bers and photomultipliers (PMT). It was installed in the 20�20 m2 beamhole of the FCAL. The FPC had outer dimensions of 19.2 � 19.2 � 108 m3 and had aentral hole of 3.15 m radius to aommodate the beam-pipe. In the FPC, 15 mm thiklead plates alternated with 2.6 mm thik sintillator layers. The FPC was subdividedlongitudinally into an eletromagneti (10 layers) and a hadroni setion (50 layers) rep-resenting a total of 5.4 nulear absorption lengths. The energy resolution for eletrons,as measured in a test beam, was �(E)=E = (0:41 � 0:02)=pE � 0:062 � 0:002, with Ein GeV. When installed in the FCAL, the energy resolution for pions was �(E)=E =(0:65� 0:02)=pE � 0:06� 0:01, with E in GeV, and the e=h ratio was lose to unity.The LPS [12℄ deteted positively harged partiles sattered at very small angles andarrying a substantial fration, xL, of the inoming proton momentum; these partilesremained in the beam-pipe and their trajetories were measured by a system of silionmirostrip detetors that ould be inserted very lose (typially a few mm) to the protonbeam. The detetors were grouped in six stations, S1 to S6, plaed along the beam linein the diretion of the proton beam, between 23.8 m and 90.0 m from the interationpoint. The partile deetions indued by the magnets of the proton beam line alloweda momentum analysis of the sattered protons. Only stations S4, S5 and S6 overedthe kinemati region of the present measurement. The resolutions were about 0:5% onthe longitudinal momentum fration and about 5 MeV on the transverse momentum.The e�etive transverse-momentum resolution was dominated by the intrinsi transverse-momentum spread of the proton beam at the interation point, whih was about 45 MeVin the horizontal plane and about 100 MeV in the vertial plane. The LPS aeptanewas approximately 2% and xL independent for xL �> 0:98; it inreased smoothly to about10% as xL dereased to 0.9.The luminosity was determined from the rate of the bremsstrahlung proess ep ! ep.The photon was measured in a lead{sintillator alorimeter [13℄ plaed in the HERAtunnel at Z = �107 m. 3



3 Kinematis and ross setionsFigure 1 shows a shemati diagram of the proess ep ! eXp. The kinematis of thisreation is desribed by the following variables:� Q2 = �q2 = �(k � k0)2, the negative four-momentum squared of the virtual photon(?), where k (k0) is the four-momentum of the inident (sattered) positron;� W 2 = (q+P )2, the squared entre-of-mass energy of the photon-proton system, whereP is the four-momentum of the inident proton;� x = Q2=(2P � q), the fration of the proton momentum arried by the struk quark inthe in�nite-momentum frame (the Bjorken variable);� y = (q � p)=(k � p), the fration of the positron energy transferred to the proton in theproton rest frame;� M2X = (q+P�P 0)2, the squared mass of the system X, where P 0 is the four-momentumof the sattered proton;� t = (P � P 0)2, the squared four-momentum transfer at the proton vertex;� �, the angle between the positron sattering plane and the proton sattering plane inthe ?p entre-of-mass frame.The variables Q2, W and x are related by x = Q2=(Q2 + W 2 �M2p ), where Mp is theproton mass.The two dimensionless variables xIP and � an be used instead of MX and W ; they aregiven by xIP = (P � P 0) � qP � q = Q2 +M2X � tQ2 +W 2 �M2p ; (1)� = Q22(P � P 0) � q = Q2Q2 +M2X � t : (2)They are related to x by xIP� = x. The variable � is the Bjorken variable de�ned withrespet to the four-momentum of the exhanged objet. The variable xIP is often referredto as � at hadron olliders.The ross setion for the reation ep ! eXp an be expressed in terms of the di�rativestruture funtion FD(4)2 or of the redued di�rative ross-setion �D(4)r , whih are de�nedby the equationd�ep!eXpd�dQ2dxIPdt = 4��2�Q4 �1� y + y22(1 +RD)�FD(4)2 (�;Q2; xIP ; t)= 4��2�Q4 �1� y + y22 ��D(4)r (�;Q2; xIP ; t) : (3)4



The quantity RD = �?p!XpL =�?p!XpT is the ratio of the ross setions for longitudinallyand transversely polarised virtual photons. The di�rative longitudinal struture funtion,FDL , is related to RD via FDL = FD2 RD=(1+RD). The di�rative redued ross setion andthe di�rative struture funtion oinide if RD = 0. Sine RD has not been measured,the results are presented in terms of the di�rative redued ross setion.The struture-funtion FD(3)2 (�;Q2; xIP ) and the redued ross-setion �D(3)r (�;Q2; xIP )are obtained by integrating FD(4)2 and �D(4)r over t,FD(3)2 (�;Q2; xIP ) = Z FD(4)2 (�;Q2; xIP ; t)dt ;�D(3)r (�;Q2; xIP ) = Z �D(4)r (�;Q2; xIP ; t)dt :The � dependene of the ross setion is sensitive to the interferene between the longi-tudinal and transverse amplitudes; the sensitivity to these interferene terms disappearswhen � is integrated over. For unpolarised positrons and protons, the ross setion anbe deomposed asd�ep!eXpd� / �?p!XpT + ��?p!XpL � 2p�(1 + �)�?p!XpLT os �� ��?p!XpTT os 2� ; (4)where �?p!XpLT is due to the interferene term between the amplitudes for longitudinaland transverse polarisations of the virtual photon and �?p!XpTT is due to the interfereneterm between the amplitudes for the two transverse polarisations. The parameter � isde�ned as � = 2(1� y)=[1 + (1� y)2℄.4 Methods of seleting di�rationThe kinemati properties of di�rative DIS, ep! eXp, imply the following for the �nal-state proton and the hadroni system X:� the proton su�ers only a small perturbation and emerges from the interation arryinga large fration, xL, of the inoming proton momentum. Di�rative events appear asa peak at xL � 1, the di�rative peak, whih at HERA extends down to xL of about0:98 [14℄. The absolute value of the four-momentum-transfer squared, jtj, is typiallysmaller than 1 GeV2, with hjtji � 0:15 GeV2 [14℄;� the di�erene in rapidity between the outgoing proton and the system X is �� �ln (1=xIP ) [15℄. Sine the ross setion inreases with dereasing xIP , most of the eventshave small xIP and therefore a large separation in rapidity between the outgoing protonand any other hadroni ativity in the event is expeted;5



� onservation of momentum implies that the system X must have a small mass (MX)with respet to the photon-proton entre-of-mass energy, sine 1� xL �> M2X=W 2.Conversely, in non-di�rative DIS, both the hadroni system assoiated with the strukquark, whih is largely measured in the detetor, and that of the proton remnant, whihpeaks in the forward diretion, originate from the hadronisation of olour-onneted states.In this ase, the distribution of the �nal-state partiles is governed by onventional frag-mentation and partiles are emitted roughly uniformly in rapidity along the ?p axis.Rapidity gaps are thus expeted to be exponentially suppressed [16℄.Therefore, to selet di�rative events, either the �nal-state proton an be deteted (LPSmethod) or the di�erent harateristis of the system X in di�rative and non-di�rativeevents (hadroni methods) an be exploited.In the hadroni methods, events with high MX are not aessible sine the non-di�rativebakground grows with MX and the rapidity gap beomes more and more forward (andeventually beomes on�ned to the beam-pipe). In addition, the measured ross setioninludes a ontribution from events of the type ep ! eXN , in whih the proton alsodissoiates into a low-mass state, N , separated from X by a rapidity gap. Hadrons fromthe system N an either esape undeteted into the forward beam-pipe or fall into thedetetor aeptane. The mass of the system N thus enters as an additional variable,and the observed partiles must be assigned either to N or to X. The ontribution fromproton-dissoiative events needs to be estimated from a Monte Carlo (MC) simulation.While these limitations add to the systemati unertainties, the statistial preision of theresults is good due to the high aeptane of the entral detetor. Although the aeptaneis not limited in t, no measurement of t is possible beause of the poor resolution of thetransverse momentum of the system X.High-xL samples seleted by the LPS method have little or no bakground from proton-dissoiative events or from non-di�rative DIS. They also allow a diret measurement ofthe variables t, � and xIP , and give aess to higher values of MX . The statistial preision,however, is poorer than for the results obtained with the hadroni methods beause of thesmall aeptane of the proton taggers { approximately 2% in the di�rative-peak region.At HERA, several di�rative analyses based on the sattered proton measurement havebeen arried out [14, 17{19℄. Analyses with the hadroni methods have been performedwith event seletions based both on the presene of forward large rapidity gaps (LRGmethod) [20,21℄ and on the shape of the mass distribution of the system X (MX method) [2,18, 22℄.The results presented here are based both on the LPS method and on the LRG method;the same data have also been analysed with the MX method [2℄. No attempt is madeto isolate the Pomeron ontribution, i.e. di�ration in the strit sense of the term, from6



ontributions due to Reggeon and pion trajetories or non-di�rative DIS: only the on-tribution of proton-dissoiative events is statistially subtrated.5 Reonstrution of the kinemati variablesThe identi�ation of the sattered positron was based on a neural network [23℄ usinginformation from the CAL. If the positron was at angles large enough to be inside theCTD aeptane, a CTD trak was required. The variables W and Q2 were reonstrutedusing a ombination of the eletron method and the double angle method [24℄.In the LPS analysis, the longitudinal (pZ) and transverse (pX ; pY ) momenta of the sat-tered proton were measured. The frational energy of the outgoing proton, xL, was de�nedas xL = pZ=Ep, where Ep is the inoming proton energy. The variable t is given byt = �p2TxL � (1� xL)2xL M2p ; (5)where pT is the transverse momentum of the proton with respet to the inoming beamdiretion. The t resolution was approximately �(t)=t = 0:14 GeVpjtj, with jtj in GeV2,and was dominated by the angular spread of the HERA proton beam. The proton and thepositron momenta were used to determine �, the azimuthal angle between the positronand proton sattering planes in the ?p frame. The resolution in � was approximately0.2 rad.The four-momentum of the system X was determined from both alorimeter and trakinginformation. The energy deposits in the CAL and the trak momenta measured in theCTD were ombined into energy ow objets (EFOs) [25,26℄ to obtain the best momentumresolution. The EFOs were orreted for energy losses due to the material of the detetor.The mass MX was evaluated asM2X;EFO = �XEi�2 � �X pX;i�2 � �X pY;i�2 � �X pZ;i�2 ;where (Ei, pX;i, pY;i, pZ;i) is the momentum four-vetor of the ith EFO and the sum runsover all EFOs not assigned to the sattered positron.In the LPS analysis, the mass MX was also determined from the outgoing proton momen-tum as reonstruted in the LPS,M2X;LPS � [1� xL(1 + x)℄W 2 :7



The best resolution on MX was obtained with MX;EFO when MX was small and withMX;LPS when MX was large; MX was therefore reonstruted asM2X = wEFOM2X;EFO + wLPSM2X;LPS ; (6)where the weights wEFO and wLPS are inversely proportional to the orresponding resolu-tions, and wEFO+wLPS = 1. The resulting resolution was �(MX)=MX = 0:35=pMX + 0:08,with MX in GeV.The variables xIP and � were obtained from Eqs. (1) and (2), using the measured valuesof Q2, W , MX and negleting t, sine jtj � Q2;M2X .The variable y was reonstruted as yJB = P (Ei�pZ;i)2Ee , where the sum runs over allEFOs not assigned to the sattered positron and Ee is the energy of the inident positron(\Jaquet-Blondel method" [27℄).6 Event seletionThe data used for the analysis were seleted at the trigger level [4, 28℄ by requiring thepresene of a sattered positron in the CAL. The trigger seletion of the LRG data alsorequired that the energy deposited in the FPC be smaller than 20 GeV. For the LPS data,a sattered proton was required in the LPS.O�ine, the following uts were imposed:� the energy of the sattered positron was required to be larger than 10 GeV. The po-sition of the sattered positron was required to be within the �duial region of theCAL. This was de�ned by a set of uts [29℄ whih removed regions where the inativematerial was not adequately simulated or where the positron shower was not fullyontained;� the requirement 45 < (E�PZ) < 65 GeV was imposed. Here E�PZ = P (Ei � pZ;i),with the summation running over all EFOs inluding the sattered positron. Thisut redued the size of the QED radiative orretions and the photoprodution bak-ground, where the sattered positron esaped undeteted in the rear beam hole;� the Z oordinate of the interation vertex, Zvtx, was required to be in the range�50 < Zvtx < 50 m. Events without a measured vertex were assigned to the nominalinteration point;� events with two eletron andidates, of whih at least one laked an assoiated trak,and whih were bak-to-bak within 5Æ in the azimuthal plane, were rejeted. This utremoved the ontribution of QED Compton sattering and deeply virtual Comptonsattering. 8



For the LRG sample, the presene of a rapidity gap of at least two units between thehadroni �nal-state X and the outgoing proton was ensured by requiring that the energydeposited in the FPC, EFPC, be smaller than 1 GeV and by demanding �CALmax < 3. Here�CALmax is the pseudorapidity of the most forward EFO with energy above 400 MeV in theCAL. This ombination of uts suppressed bakground from non-di�rative and proton-dissoiative proesses.The following requirements were used to selet the sattered proton measured in the LPS:� only events with pX < 0 were used as, for the present sample, the LPS aeptane forpX > 0 was low;� the andidate proton was traked along the beam line and was rejeted if the distaneof losest approah to the beam-pipe was less than 0.2 m. It was also rejeted ifthe X position of the trak impat point at station S4 (upper part) was smaller than�3:0 m. These uts redued the sensitivity of the aeptane to the unertainty inthe position of the beam-pipe apertures;� beam-halo bakground was aused by sattered protons with energy lose to that ofthe beam, originating from the interation of a beam proton with the residual gasin the beam-pipe or with the ollimators. A beam-halo proton may overlap with astandard non-di�rative DIS event. In this ase, the proton measured in the LPS wasunorrelated with the ativity in the entral detetor. This bakground was suppressedby the requirement that the sum of the energy and the longitudinal omponent of thetotal momentum measured in the CAL and the LPS be less than the kinemati limitof twie the inoming proton energy: E + PZ ' (E + PZ)CAL + 2pLPSZ < 1860 GeV.This ut took into aount the resolution of the measurement of pLPSZ . The residualbeam-halo bakground and its subtration are disussed in Setion 8.2.� the variable t was required to be in the range 0:09 < jtj < 0:55 GeV2. This uteliminated regions where the LPS aeptane was small or rapidly hanging.The LRG analysis was further restrited to the regions 2 < Q2 < 305 GeV2, 40 < W <240 GeV, 2 < MX < 25 GeV and 0:0002 < xIP < 0:02; the average Q2 value is 13 GeV2.For the LPS sample, the region seleted was 2 < Q2 < 120 GeV2, 40 < W < 240 GeV,2 < MX < 40 GeV and 0:0002 < xIP < 0:1; the average Q2 value for the LPS sample is11 GeV2. These seletions yielded 708,851 events for the LRG analysis and 15,130 for theLPS analysis.The LRG and LPS samples were olleted simultaneously: 0.7% of the LRG events havea proton measured in the LPS and 35% of the LPS events are also ontained in the LRGsample. 9



7 Monte Carlo simulation and aeptane orretionsMonte Carlo simulations were used to orret the data for aeptane and detetor e�ets.Di�rative events were simulated with the Satrap generator [30℄, whih is based onthe saturation model of Gole-Biernat and W�ustho� [31℄. Satrap is embedded in theRapgap framework [32℄. The version of Satrap used here is idential to that used ina previous ZEUS publiation [2℄, exept for some reweighting to desribe the measureddistributions for the higher-xIP events, where Reggeon and pion exhanges beome signif-iant.Di�rative events were also modelled with Rapgap 2.08/06 [32℄, whih is based on themodel of Ingelman and Shlein [33℄ and assumes Regge fatorisation: the struture fun-tion FD(4)2 is expressed as the sum of separately fatorisable Pomeron and Reggeon on-tributions, FD(4)2 (xIP ; t; �; Q2) = fIP (xIP ; t)F IP2 (�;Q2) + fIR(xIP ; t)F IR2 (�;Q2) : (7)The Pomeron and Reggeon uxes, fIP;IR(xIP ; t), were parameterised [1℄ asfIP;IR(xIP ; t) = ebIP;IR0 tx2�IP;IR(t)�1IP ; (8)with linear trajetories �IP;IR(t) = �IP;IR(0)+�0IP;IRt, and with the values of the parameterstaken from hadron-hadron data [34℄. The Pomeron struture funtion F IP2 (�;Q2) wastaken from the H1 dPDF �t 2 [35℄. The struture funtion F IR2 is unknown and wasassumed to be that of the pion [36℄.The proess of QCD radiation was simulated di�erently in the two MC samples. Inthe Satrap sample, a parton-shower model as implemented in Meps [37℄ was used. Inthe Rapgap sample, higher-order QCD radiation was simulated with Ariadne [38℄. Inboth ases hadronisation was simulated with the Lund string model as implemented inJetset 7.4 [39, 40℄.Initial- and �nal-state QED radiation was simulated by using Satrap or Rapgap inonjuntion with Herales 4.6 [41℄. The measurements were orreted for these e�etsand the ross setions are presented at the Born level.The inlusive DIS events were simulated with Djangoh 1.1 [42℄, using the CTEQ4D [43℄parameterisation of the proton parton densities.The Pythia 6.2 generator [44℄ was used to study the photoprodution bakground as wellas the proton-dissoiative ontribution (see Setion 8.1). Events in the proton-dissoiativeMC sample were reweighted suh as to give a good desription of all measured variablesin the data. 10



All generated events were passed through the standard ZEUS detetor simulation, basedon the Geant 3.13 program [45℄, and through the trigger simulation pakage. Themeasurements were orreted for detetor aeptane and resolution, and for radiativee�ets, with suitable ombinations of the various MC models. A omparison of dataand SATRAP for the LRG analysis is presented in Fig. 2 for the variables �CALmax , MX ,Q2, W , xIP and �. The simulation is in satisfatory agreement with the data in theregion of interest, indiated by vertial lines in the plots. A similar omparison for theLPS analysis is presented in Fig. 3 for the variables xL, jtj, Q2, W , MX , and xIP . Thesimulation reprodues the data reasonably well. The di�rative peak is evident in Fig. 3a.7.1 Cross-setion extrationThe di�rative redued ross setion at a given point within a bin was obtained fromthe ratio of the bakground-subtrated number of events to the number of events in thatbin predited by SATRAP, multiplied by the Born-level redued ross setion used inSATRAP. Both the aeptane and the bin-entring orretions were thus taken fromSATRAP.For the LPS data, the ross setion was diretly measured only in a limited t region andextrapolated to 0 < jtj < 1 GeV2 assuming an exponential t-dependene, d�ep!eXp=dt /exp (�bjtj), with b = 7:0 GeV�2. The e�et of the extrapolation is to inrease the rosssetion by a fator of about two; this fator is largely independent of kinematis. Datafrom elasti and proton-dissoiative pp and �pp sattering indiate that the t distributionis better desribed by the funtion exp (�bjtj + t2). For example, �ts to the �pp dataat ps = 546 GeV [46℄ yield  = 2:3 � 0:1 GeV�4. In the extrapolation to the range0 < jtj < 1 GeV2,  was nominally set to zero and hanged up to 4 GeV�4, yieldinghanges in the extrapolated ross setion of up to +9% (setting  to 2 GeV�4 hangesthe ross setion by +6%). This e�et was inluded in the normalisation unertaintydisussed in Setion 9.8 Bakgrounds8.1 LRG analysisThe main soure of bakground in the LRG sample omes from events of the typeep ! eXN , in whih the proton dissoiates into a low-mass system, N . The proton-dissoiative system an either esape entirely undeteted in the forward beam-pipe orleak partially into the detetor aeptane and therefore be measured by the FPC and11



the CAL. In the former ase, the bakground events are inluded in the measured rosssetion, so that they bias the normalisation. As indiated by MC simulations, in the latterase most of the events are rejeted by the FPC veto and by the �CALmax ut.The ratio of the LPS to the LRG results measures the fration of proton-dissoiativeevents in the LRG sample. The ratio is 0:76 � 0:01(stat:)+0:03�0:02(syst:)+0:08�0:05(norm:) and isindependent of Q2, xIP and �, as disussed in Setion 10.4; the last unertainty reetsthe normalisation unertainties, mostly due to the LPS data. The perentage of proton-dissoiative events in the LRG sample is therefore 24� 1(stat:)+2�3(syst:)+5�8(norm:)%.The ontribution of proton-dissoiative events to the measured ross setions was also esti-mated with Pythia. A sample of proton-dissoiative data was seleted in two alternativeways:� by requiring �CALmax < 2 and EFPC > 1 GeV, and the remaining seletion as desribed inSetion 6 for the LRG events (this will be referred to as FPC PDISS sample);� by adding to the seletion desribed in Setion 6 for the LRG events the requirementthat a proton be measured in the LPS with 0:5 < xL < 0:9 (LPS PDISS sample).The generated Pythia distributions for MN , MX and Q2 were reweighted to give the bestdesription of these data samples, in partiular the EFPC distribution in the FPC PDISSsample and the xL distribution in the LPS PDISS sample. The median of the generatedMN distribution in Pythia is 1.7 GeV. The median of the same distribution for the eventswhih pass the LRG analysis uts is 1.6 GeV. Figures 4a{b show the omparison ofPythiawith the proton-dissoiative samples FPC and LPS PDISS as a funtion EFPC and xL,respetively. Also shown in Figs. 4{e is the fration of proton-dissoiative events expetedin the LRG sample as a funtion of Q2, � and xIP . This fration, obtained separatelyfrom the LPS and FPC PDISS samples, is onstant at the level of 25% in both ases. Theaverage of the FPC and LPS estimates provides a measurement of the proton-dissoiativeontribution to the LRG sample of 25 � 1(stat:) � 3(syst:)%, onsistent with the ratioof the LPS to LRG results quoted above. The systemati unertainty was estimated byvarying the shape of the generated MN distribution, by hanging the FPC ut as wellas the �CALmax ut and by taking into aount the LPS normalisation unertainty. Theombination of the LPS and FPC PDISS samples overs nearly the whole MN spetrum,inluding the lowest MN values. This fat, along with the agreement with the LPS toLRG ratio, lends support to the present estimate of the proton dissoiation bakground. Abakground ontribution of Rdiss = 25�1(stat:)�3(syst:)% was therefore subtrated fromthe data2. Unless stated otherwise, all results are thus given for the reation ep ! eXp,i.e. MN = Mp.2 In terms of the ratio RMX = 1=(1 � Rdiss) used elsewhere [14, 18℄, this bakground ontributionorresponds to RMX = 1:33� 0:02(stat:)� 0:05(syst:).12



The Pythia generator was also used to evaluate the photoprodution bakground, whiharises from low-Q2 events in whih the sattered positron esapes undeteted in the reardiretion and one of the �nal-state hadrons is misidenti�ed as a positron. The largestontribution was found in the lowest Q2 bin (2 < Q2 < 3 GeV2), where it was about 1.2%.This bakground was negleted.The ontribution of non-di�rative events, estimated with Djangoh 1.1, was found tobe roughly 10% in the highest xIP bin (0:01 < xIP < 0:02) and to derease rapidly withdereasing xIP . This bakground was not subtrated but bins in whih the ontributionwas larger than 10% were rejeted.8.2 LPS analysisThe main bakground ontribution in the LPS sample at high xL is given by proton beam-halo events. In suh events, the proton deteted in the LPS is not orrelated with themeasurements in the entral detetor. To estimate this bakground, the variable E + PZ(see Setion 6) was used. For a signal event, this quantity should be equal to twie theinitial proton energy, 1840 GeV, whereas for a beam-halo event it an exeed this value.The E+PZ spetrum for the beam-halo events was onstruted as a random ombinationof a generi DIS event (without the requirement of a trak in the LPS) and a beam-halotrak measured in the LPS, unorrelated with the measurement in the main detetor;here PZ inludes the ontribution of the energy deposition in the CAL and the protonmomentum measured in the LPS. The resulting distribution, shown in Fig. 5 as thehistogram, was normalised to the data for E+PZ > 1925 GeV; this part of the distributionontains beam-halo events only. The bakground remaining after the ut at E + PZ <1860 GeV averages to 3:0� 0:1 (stat:)%, and is a dereasing funtion of xIP . The resultspresented in this paper were orreted for this bakground.The ontribution from proton-dissoiative events, ep! eXN , studied with Pythia, wasaround 9% at xIP = 0:1, dereasing rapidly with dereasing xIP . All results were orretedfor this bakground. In the region xIP < 0:02, this bakground is negligible.The photoprodution bakground was negligible.9 Systemati unertaintiesThe systemati unertainties were estimated [14,29℄ by varying the uts and by modifyingthe analysis proedure. The variations of the uts were typially ommensurate with theresolutions of the relevant variables. 13



For eah systemati hek, the average e�et on the ross setion in the measured bins isindiated using the notation (+a�b). Given a systemati hek whih produed an inrease ofthe ross setion in some bins and a derease in some other bins, a is the average inreaseand b is the average derease.For both the LPS and LRG analyses, the following heks were performed:� to evaluate the unertainties due to the measurement of the sattered positron, the�duial region for the impat position of the positron on the fae of the CAL aroundthe rear beam-pipe was enlarged by 1 m (+1:2�0:2)%;� the minimum energy of the positron was inreased to 12 GeV (+0:2�0:3)%;� the minimum value of E � PZ was raised to 47 GeV (+1:0�0:7)%;� the ut on the Z oordinate of the vertex was restrited to�40 < Zvtx < 40 m (+0:5�0:5)%;� the e�et of the unertainty in the absolute alorimeter energy alibration was es-timated by hanging the energy sale by �2% in the data only, separately for thesattered positron (+2:5�2:3)% and the hadroni system (+2:3�2:3)%;� the xIP distribution in the MC was reweighted by a fator (xIP=0:01)k, with k varyingbetween �0:03 and +0:03; the e�et was (+0:4�0:4)% in the LPS analysis and (+3:0�2:9)% inthe LRG analysis, the di�erene being mainly due to the orrelation between the xIPand �max variables.For the LRG analysis, the following spei� heks were also performed:� the FPC energy ut was lowered to 0.7 GeV (+0:5�0:4)%;� the energy threshold on the most forward EFO used to reonstrut �CALmax was loweredto 300 MeV (+0:4�0:3)% and inreased to 500 MeV (+0:2�0:4)%.For the LPS analysis, the following spei� heks were also performed:� the ut on the minimum distane of approah to the beam-pipe was inreased by0.03 m (+0:4�0:8)%;� the t range was restrited to 0:1 < jtj < 0:5 GeV2 (+4:1�5:1)%;� the proton-dissoiative bakground was varied by �30% (+0:9�0:9)%;� the value of the t-slope in the MC was hanged by �1 GeV�2 (+4:0�2:9)%;� the � distribution in the MC was reweighted by a fator (1 + k os �), with k varyingbetween �0:15 and +0.15 (+1:0�0:9)%;� the intrinsi transverse-momentum spread of the proton beam at the interation pointwas inreased by 5 MeV in the horizontal plane and 10 MeV in the vertial plane(+1:6�1:9)%. 14



The total systemati unertainty for eah bin was taken as the quadrati sum of theindividual ontributions. The e�et of using the generator Rapgap for the aeptaneorretions instead of Satrap was estimated (+9:3�8:6)% but not inluded in the error barsas Rapgap was found to provide a poor desription of the data distributions.For the LPS data, there is also an overall unertainty of �7% whih originates mostlyfrom the unertainty of the simulation of the proton-beam optis { largely independentof the kinemati variables, and therefore taken as a normalisation unertainty. It alsoinludes the unertainty on the integrated luminosity (�2:25%).In the LPS results integrated over t (�D(3)r and d�=d�), an additional +9% unertainty ispresent, due to the extrapolation from the measured to the full t range (see Setion 7.1).The overall LPS normalisation unertainty then beomes +11�7 %.For the LRG data, the unertainty on the integrated luminosity (�2:25%) and that onthe proton dissoiation bakground (�4%) give an overall normalisation unertainty of�5%.10 ResultsThe results in this setion are presented as follows. The ross-setion d�ep!eXp=dt in theregion 0:09 < jtj < 0:55 GeV2 is disussed �rst. The data are then integrated over t andextrapolated to the range 0 < jtj < 1 GeV2, as disussed in Setion 7.1. The resultingross setions are presented as a funtion of � in Setion 10.2, where the sensitivity of thepresent data to the heliity struture of the reation ep ! eXp is disussed. The LPSdata were used for both the t and the � ross setions. In Setions 10.3 and 10.4, thedata are presented in terms of the di�rative redued ross setions, �D(4)r and �D(3)r . Theformer was measured, for the �rst time, in two bins of t, and was obtained from the LPSdata. The latter was obtained both from the LPS data, after integration over t, and fromthe LRG data. In Setion 10.5, the xIP dependene of �D(4)r and �D(3)r is used to extrat theinterept of the Pomeron trajetory, �IP (0), the quantity that, in Regge phenomenology,determines the energy dependene of the total hadron-hadron ross setion [1℄.The results for the LPS sample extend up to xIP = 0:1. In this paper, the LPS data inthe di�rative-peak region are often ompared with those at high xIP . For this purpose,the value xIP = 0:01 was hosen as the transition between the high- and low-xIP bins,suh that the low-xIP bins are dominated by di�rative-peak events, while at higher xIPReggeon and pion exhanges are important [3℄. This hoie is somewhat restritive, sinethe di�rative peak extends well below xL = 0:99, see Fig. 3a. In the region xIP < 0:01,the ontribution from non-Pomeron exhanges is less than 10%. The average value of xIPis 0.003 for xIP < 0:01 and 0.043 for 0:01 < xIP < 0:1.15



10.1 t dependeneThe di�erential ross-setion d�ep!eXp=dt, obtained from the LPS data in the kinematirange 2 < Q2 < 120 GeV2, 2 < MX < 40 GeV, 40 < W < 240 GeV and 0:09 < jtj <0:55 GeV2, both for 0:0002 < xIP < 0:01 (di�rative-peak region) and 0:01 < xIP < 0:1, ispresented in Fig. 6 and Table 1.The data were �tted with the single-exponential funtion d�ep!eXp=dt / e�bjtj. The valueof the slope parameter, b, obtained from the �t in the region 0:0002 < xIP < 0:01 is b =7:0� 0:3 GeV�2, with �2/ndf=1.8 (ndf=2) when statistial and systemati unertaintiessummed in quadrature are used in the �t. This result agrees with the previous ZEUSresult [14℄. In the high-xIP region, 0:01 < xIP < 0:1, the �t gives b = 6:9�0:3 GeV�2 with�2/ndf=1.1, again when the quadrati sum of statistial and systemati unertainties isused.The values of the t-slope in di�erent bins of Q2, MX and xIP are shown in Fig. 7 andgiven in Table 2. The di�rative-peak as well as the high-xIP region are shown. Thet-slope does not depend on Q2, MX and xIP in the measured regions. The lak of Q2dependene in a wide range of Q2 as well as a value of b muh larger than that measuredin hard di�ration (as disussed in a reent ZEUS publiation [47℄) suggests that inlusivedi�rative dissoiation in DIS is a soft proess.10.2 � dependeneThe azimuthal angle, �, between the positron and proton sattering planes is sensitive tothe heliity struture of the reation ep! eXp, as shown expliitly in Eq. (4). To reduethe � dependene of the aeptane, an additional radial ut of 18 m was imposed on theimpat point of the sattered positron at the RCAL surfae, along with the restritionQ2 > 4 GeV2. These uts were only applied for the � analysis. The LPS data were used.The � distribution for the two ranges 0:0002 < xIP < 0:01 and 0:01 < xIP < 0:1 ispresented in Figs. 8a{b and Table 3.The distributions were �tted to the formd�ep!eXpd� / 1 + ALT os � + ATT os 2�;where ALT and ATT are proportional to �?p!XpLT and �?p!XpTT , respetively. The valuesof the azimuthal asymmetries areALT = �0:036� 0:036(stat:)+0:016�0:014(syst:);ATT = �0:030� 0:037(stat:)+0:022�0:006(syst:)16



and ALT = +0:051� 0:024(stat:)+0:012�0:011(syst:);ATT = �0:010� 0:024(stat:)+0:010�0:009(syst:)for the ranges 0:0002 < xIP < 0:01 and 0:01 < xIP < 0:1, respetively.The interferene terms between the longitudinal and transverse amplitudes and betweenthe two transverse amplitudes are thus small in the measured kinemati range, both in thedi�rative-peak region and at higher-xIP values, suggesting that the heliity struture ofthe reation ep ! eXp is similar for both Pomeron and sub-leading Regge trajetories.Figure 9 presents ALT and ATT as a funtion of xIP , and, for xIP < 0:01, as a funtion of�, t and Q2. The asymmetries, also given in Tables 4 and 5, are onsistent with zero.The measured values of ALT an be ompared with the results obtained in the exlu-sive eletroprodution of �0 mesons, ep ! e�0p, in whih the hadroni �nal state,X, onsists of a �0 meson only. In this ase, ALT = �p2�(1 + �) � (r500 + 2r511) =�0:256� 0:030(stat:)+0:032�0:022(syst:), where r500 and r511 are two of the �0 spin-density matrixelements [47℄. The present data therefore show that the asymmetry is smaller for inlusivesattering than for exlusive �0 eletroprodution.There are numerous pQCD-based preditions for the behaviour of ALT [48{51℄ in thedi�rative peak region, mostly for � �> 0:9, where the asymmetry is expeted to belargest, reeting the dominane of �?p!XpL at large � values. In all alulations, bak-to-bak on�gurations, i.e. ALT < 0, are favoured. There is no indiation of suh abehaviour in the present data; the statistis at high � is however limited. The asymmetryis expeted to be lose to zero at low �, in agreement with the data.10.3 The redued ross-setion �D(4)rThe LPS data are presented in Fig. 10 in terms of the redued ross-setion �D(4)r in twot bins, 0:09 < jtj < 0:19 GeV2 and 0:19 < jtj < 0:55 GeV2, with hjtji = 0.13 GeV2 andhjtji = 0.3 GeV2, respetively. The �gure shows xIP�D(4)r , also given in Tables 6 and 7, asa funtion of xIP for di�erent values of �, Q2 and jtj.At low xIP and high �, xIP�D(4)r dereases with inreasing xIP . At medium xIP and �, thedependene of xIP�D(4)r on xIP is weak, whereas at high xIP and low �, xIP�D(4)r inreaseswith inreasing xIP . The behaviour observed at high xIP and low � an be asribed toReggeon and pion exhange. The Regge �t desribed in Setion 10.5 indiates that theshape of the xIP dependene is the same in the two t bins.17



10.4 The redued ross-setion �D(3)rThe redued ross setion, xIP�D(3)r , obtained with the LPS method, is shown in Fig. 11and given in Table 8 as a funtion of xIP for di�erent values of � and Q2. The samefeatures already disussed for xIP�D(4)r are seen here. The LPS data are also shown inFig. 12 ompared with the H1 data from the H1 forward proton spetrometer (FPS) [19℄.For this plot, the analysis was redone using the same Q2 and � bins as H1, thus avoidingextrapolation unertainties. The agreement is satisfatory.The LRG data, orreted to MN = Mp as disussed in Set. 8.1, are presented in Figs. 13and 14 in terms of the redued ross setion, �D(3)r . The �gures show xIP�D(3)r , also givenin Table 9, as a funtion of xIP for di�erent values of � and Q2. The behaviour of xIP�D(3)ris similar to that observed above for xIP�D(4)r , with an inrease with dereasing xIP at lowxIP and high �.Figure 15 shows the ratio of the �D(3)r values obtained with the LPS method to those ob-tained with the LRG method, before the subtration of the proton-dissoiative ontribu-tion. The ratio is independent of xIP , Q2 and � and averages 0:76�0:01(stat:)+0:03�0:02(syst:).The xIP , Q2 and � dependenes of �D(3)r measured with the LPS method and the LRGmethod are onsistent in the region of overlap. The normalisation di�erene is asribedto the proton-dissoiative ontribution in the LRG sample, as disussed in Setion 8.1.The LRG data, orreted to MN < 1:6 GeV as desribed below, are shown as a funtion ofQ2 in di�erent � bins for xIP = 0:0003, xIP = 0:001, xIP = 0:003 and xIP = 0:01 in Figs. 16and 17. The values of xIP�D(3)r exhibit a logarithmi rise with Q2 for all � values exeptin the lowest xIP bin (xIP = 0:0003) and in the highest � bin (� = 0:8). The rise observedeven at high � suggests that the di�rative PDFs of the proton are gluon-dominated.In Figs. 16 and 17 the LRG results are also ompared with those of the H1 Collabora-tion [20℄, similarly obtained with the LRG method. The ZEUS results are measured inthe H1 � and xIP bins; they are orreted to MN < 1:6 GeV, as are the H1 data. Theorretion to MN < 1:6 GeV for the present data, before the subtration of the proton-dissoiation bakground, was estimated with Pythia to be 0:91 � 0:07, independent of�, Q2 and xIP . Therefore, the ZEUS results in Figs. 16 and 17 were saled down by0:91. With some exeptions, the shape agreement is reasonable. The ZEUS data arehigher than the H1 data by 13% on average, as estimated with a global �t to data forQ2 > 6 GeV2. This normalisation disrepany is onsistent with the 8% unertainty on theproton-dissoiation orretion of 0:91� 0:07 ombined with the 7% relative normalisationunertainty between the two data sets (�7% for H1 and � 2.25% for ZEUS).Figures 16 and 17 are ombined in Fig. 18 where the H1 and ZEUS redued ross setions,the latter saled down by the fator 1�0:13 = 0:87 just desribed, are shown as a funtion18



of Q2 in di�erent � and xIP bins. The result of the NLO QCD �t \H1 2006 �t B" [20℄ isalso shown. At �xed �, the Q2 dependene of the two data sets, taken together, is di�erentfor di�erent xIP values. Therefore, the data annot be desribed by a single fatorisableRegge ontribution.Figures 19 and 20 ompare the LRG results, orreted to MN = Mp, to those obtainedwith the MX method, referred to as FPC I [22℄ and FPC II [2℄. The LRG and FPC IIdata were olleted simultaneously; the two samples overlap by about 75%. The LRGresults were realulated in the bins used for the MX-method results. The latter are forMN < 2:3 GeV, but have been normalised here to the LRG results. The saling fatorapplied to the MX results was 0.83 � 0.04, estimated with a global �t to the presentdata and the MX data; this fator quanti�es the amount of residual proton-dissoiativebakground in the MX method. The overall agreement between the two measurementsis reasonable. The di�erent xIP dependene, more evident at low Q2, may be asribed tothe fat that in the MX results the ontribution of the Reggeon and pion trajetories issuppressed. In the low-Q2 region, the Q2 behaviour is somewhat di�erent in the two datasets, with the MX-method results dereasing faster with Q2 than the LRG results.10.5 Extration of the Pomeron trajetoryIn the framework of Regge phenomenology, the xIP dependene of FD(4)2 and FD(3)2 isrelated to the interept of the Pomeron trajetory, the parameter that drives the energydependene of the total hadron-hadron ross setion at high energies [1℄. The Pomeroninterept in soft hadroni interations is 1:096+0:012�0:009 [52℄. However, the same parameteris signi�antly larger in the di�rative prodution of heavy vetor mesons, notably inJ= photoprodution (see e.g. [21, 53℄), reeting the rapid rise of the ross setion withW . This is a onsequene of the inrease of the parton densities in the proton at low x,whih drives the rise of the ross setion with dereasing x, and hene with dereasingxIP (sine xIP / 1=W 2 / x). The slope of the Pomeron trajetory, �0IP , is smaller in thedi�rative prodution of vetor mesons [53℄ than in soft hadron-hadron ollisions, where�0IP = 0:25 GeV�2 [15℄. It is therefore interesting to determine if suh deviations fromthe behaviour of the hadron-hadron data are also apparent in the inlusive di�rativedissoiation of virtual photons.Following the Regge fatorisation assumption (see Eq. (7)), the data of Fig. 10 were �ttedto the form FD(4)2 = fIP (xIP ; t) � F IP2 (�;Q2) + nIR � fIR(xIP ; t) � F IR2 (�;Q2) ;where nIR is a normalisation term. It was assumed that FD(4)2 = �D(4)r and the �t waslimited to y < 0:5 to redue the inuene of FDL . The Pomeron and the Reggeon uxes19



were parameterised as [1℄fIP (xIP ; t) = eBIP tx2�IP (t)�1IP and fIR(xIP ; t) = eBIRtx2�IR(t)�1IP ;and the Pomeron and Reggeon trajetories were both assumed to be linear. The �ttedparameters were the Pomeron trajetory, �IP (0) and �0IP , the interept of the Reggeontrajetory, �IR(0), the slope, BIP , and the Reggeon normalisation term, nIR. The Reggeonstruture funtion, F IR2 (�;Q2), was taken to be equal to the pion struture funtion asparameterised by GRV [54{56℄. The slope BIR was �xed to 2:0 GeV�2, taken from hadron-hadron data, and the slope of the Reggeon trajetory, �0IR, was �xed to 0:9 GeV�2. Thelines in Fig. 10 show the result of the �t. The results for the �t parameters are given inTable 10.The model unertainty reets the e�et of RD, whih was varied between 0 and 1, andthat of the parameterisation of the pion struture funtion, whih was hanged from thatof GRV to that of Owens [36℄. The quality of the �t is good. The Pomeron interept isonsistent with that of the soft Pomeron. The result for �0IP is signi�antly lower than�0IP = 0:25 GeV�2; it agrees with the result reently found by the H1 Collaboration [20℄as well as with the values found in the di�rative prodution of vetor mesons [53℄. TheReggeon interept is higher than the expetation of 0.5475 based on the Donnahie andLandsho� �ts to the pp, �pp, Kp, �p and p total ross setion data [34℄. Allowing formaximal interferene between the Pomeron and Reggeon amplitudes also gives a good �t.A similar �t was performed to the �D(3)r LRG points. The result of the �t is shown inFigs. 13 and 14 and the parameters, both those kept �xed and those obtained from the�t, are summarised in Table 11. The �rst unertainty is that from the �t, in whih thequadrati sum of statistial and systemati unertainties was used. The model unertaintyreets the variation of �0IP between 0 and 0.1 GeV�2 and that of �IR(0) between 0.55 and0.75; in addition, as for the �t to the LPS data, RD was varied between 0 and 1, andthe pion struture funtion parameterisation was hanged from that of GRV to that ofOwens [36℄. Here again, the �t was limited to y < 0:5. The quality of the �t is very good.Figure 21 shows �IP (0) as a funtion of Q2; it was obtained with a �t to the LRG data inbins of Q2, similar to that desribed earlier for the full Q2 range. The Reggeon normali-sation term, nIR, was �xed to the value nIR = 2:6� 0:3, extrated from a ombined Regge�t to the LPS and LRG results in the full Q2 range. The LPS result and those obtainedwith the MX method, FPC I [22℄ and FPC II [2℄, are also shown. In the region explored,the present data do not exhibit a signi�ant dependene on Q2. The agreement with theMX -method results is fair. 20



11 SummaryMeasurements have been presented of the reation ep ! eXp obtained by requiring alarge rapidity gap in the forward diretion (LRG sample) or the detetion of a proton in theleading proton spetrometer (LPS sample). The kinemati region is 2 < Q2 < 305 GeV2(LRG) or 2 < Q2 < 120 GeV2 (LPS), 40 < W < 240 GeV, 2 < MX < 25 GeV (LRG) or2 < MX < 40 GeV (LPS), 0:0002 < xIP < 0:02 (LRG) or 0:0002 < xIP < 0:1 (LPS) and0:09 < jtj < 0:55 GeV2 (LPS).The LPS data are presented in terms of the t and � dependenes of the ross setion,as well as of the xIP , Q2, � and t dependenes of the redued di�rative ross setion,�D(4)r . The t dependene of the ross setion is approximately exponential, with a t-slopeb = 7:0 � 0:3 GeV�2. The slope is independent of Q2, MX and xIP . The lak of Q2dependene and the value of b muh larger than that measured in hard di�ration suggestthat this is a soft proess. There is no signi�ant � dependene of the ross setion. Theross-setion �D(4)r was measured for the �rst time in two t bins and was found to havethe same xIP dependene in the two bins.The redued ross-setion �D(3)r was measured using both the LRG and LPS data. Con-sistent results were found for the shape. The normalisation di�erene of about 25% isasribed to the proton-dissoiative ontribution in the LRG data. Within the normalisa-tion unertainties the results agree reasonably well with the H1 measurements [20℄. Theomparison with the ZEUS MX -method results [2, 22℄ indiates that the latter have aresidual proton-dissoiative ontribution of 17%; the shape agreement is good, espeiallyat low xIP . A Regge �t to �D(3)r supports the Q2 independene of �IP (0).AknowledgementsWe thank the DESY Diretorate for their support and enouragement. We are gratefulfor the support of the DESY omputing and network servies. We are speially gratefulto the HERA mahine group: ollaboration with them was ruial to the suessful instal-lation and operation of the leading proton spetrometer. The design, onstrution andinstallation of the ZEUS detetor have been made possible by the ingenuity and e�ortof many people who are not listed as authors. It is a pleasure to thank A.D. Martin,M.G. Ryskin and G. Watt for many useful disussions.
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xIP jtj (GeV2) d�ep!eXp=dt (nb/GeV�2)�stat:� syst:0:0002 { 0:01 0:144 63.59 � 1.33+1:52�1:400:0002 { 0:01 0:259 25.79 � 1.00+1:10�1:150:0002 { 0:01 0:374 12.85 � 0.66+0:74�0:890:0002 { 0:01 0:489 6.53 � 0.54+0:71�0:710:01 { 0:1 0:144 84.74 � 1.49+1:81�1:800:01 { 0:1 0:259 35.95 � 1.09+1:70�1:720:01 { 0:1 0:374 16.73 � 0.66+1:16�1:250:01 { 0:1 0:489 8.84 � 0.53+0:96�0:99Table 1: The di�erential ross-setion d�ep!eXp=dt as a funtion of jtj, forthe indiated xIP ranges and for 2 < Q2 < 120 GeV2 (hQ2i = 11 GeV2) and2 < MX < 40 GeV (hMXi = 15 GeV).
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Q2 (GeV2) MX (GeV) xIP b (GeV�2) �stat:� syst:2 { 5 2 { 5 0:0004 6:99� 0:58+0:50�0:282 { 5 2 { 5 0:0018 5:57� 0:56+0:35�0:202 { 5 2 { 5 0:0060 6:46� 0:82+0:39�0:372 { 5 5 { 10 0:0018 6:84� 0:71+0:30�0:392 { 5 5 { 10 0:0060 6:23� 0:78+0:48�0:482 { 5 5 { 10 0:0200 7:08� 0:87+0:23�0:692 { 5 10 { 40 0:0060 8:55� 0:77+0:47�0:702 { 5 10 { 40 0:0200 7:13� 0:69+0:31�0:362 { 5 10 { 40 0:0400 7:92� 0:78+0:45�0:252 { 5 10 { 40 0:0600 6:77� 0:61+0:07�0:462 { 5 10 { 40 0:0850 6:59� 0:48+0:11�0:175 { 20 2 { 5 0:0004 7:77� 0:58+0:13�0:695 { 20 2 { 5 0:0018 7:42� 0:59+0:38�0:215 { 20 2 { 5 0:0060 8:49� 0:70+0:33�0:555 { 20 2 { 5 0:0200 7:65� 1:28+0:44�0:425 { 20 5 { 10 0:0018 7:35� 0:71+0:23�0:275 { 20 5 { 10 0:0060 6:68� 0:71+0:13�0:375 { 20 5 { 10 0:0200 6:78� 0:74+0:46�0:075 { 20 5 { 10 0:0400 11:28� 1:57+0:41�1:705 { 20 10 { 40 0:0060 7:08� 0:71+0:11�0:295 { 20 10 { 40 0:0200 6:35� 0:46+0:22�0:225 { 20 10 { 40 0:0400 8:36� 0:63+0:13�0:215 { 20 10 { 40 0:0600 7:15� 0:48+0:15�0:115 { 20 10 { 40 0:0850 6:23� 0:36+0:12�0:0220 { 120 2 { 5 0:0018 6:45� 1:11+0:40�0:6120 { 120 2 { 5 0:0060 7:06� 1:22+0:19�0:7920 { 120 5 { 10 0:0018 7:94� 1:33+0:34�0:2620 { 120 5 { 10 0:0060 5:60� 1:14+0:00�0:6320 { 120 5 { 10 0:0200 6:62� 1:23+0:41�0:0620 { 120 10 { 40 0:0060 5:17� 1:08+0:44�0:0720 { 120 10 { 40 0:0200 9:10� 0:82+0:39�0:3520 { 120 10 { 40 0:0400 6:89� 0:90+0:17�0:5420 { 120 10 { 40 0:0600 7:17� 0:69+0:23�0:1220 { 120 10 { 40 0:0850 6:17� 0:51+0:06�0:20Table 2: Fitted values of the exponential t-slopes in bins of Q2, MX and xIP .26



xIP � (rad) d�ep=d� (nb/rad)�stat:� syst:0:0002 { 0:01 0:524 1:03� 0:07+0:06�0:040:0002 { 0:01 1:571 1:13� 0:07+0:03�0:110:0002 { 0:01 2:618 1:09� 0:07+0:03�0:110:0002 { 0:01 3:665 1:07� 0:06+0:06�0:040:0002 { 0:01 4:712 1:06� 0:07+0:04�0:060:0002 { 0:01 5:759 0:99� 0:07+0:07�0:040:01 { 0:1 0:524 1:59� 0:07+0:05�0:080:01 { 0:1 1:571 1:67� 0:07+0:11�0:050:01 { 0:1 2:618 1:47� 0:06+0:05�0:100:01 { 0:1 3:665 1:50� 0:06+0:06�0:060:01 { 0:1 4:712 1:49� 0:06+0:05�0:080:01 { 0:1 5:759 1:65� 0:07+0:03�0:12Table 3: The di�erential ross-setion d�ep!eXp=d� as a funtion of �, forthe indiated xIP ranges and for 4 < Q2 < 120 GeV2 (hQ2i = 22 GeV2) and2 < MX < 40 GeV (hMXi = 15 GeV).
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Q2 (GeV2) � jtj (GeV2) xIP ALT �stat:� syst:4� 120 0 { 1 0.09 { 0.55 0.0002 { 0.0018 0.05 � 0.07+0:06�0:024� 120 0 { 1 0.09 { 0.55 0.0018 { 0.0042 0.02 � 0.08+0:02�0:074� 120 0 { 1 0.09 { 0.55 0.0042 { 0.01 -0.06 � 0.08+0:04�0:024� 120 0 { 1 0.09 { 0.55 0.01 { 0.03 0.08 � 0.06+0:04�0:024� 120 0 { 1 0.09 { 0.55 0.03 { 0.05 0.06 � 0.08+0:02�0:024� 120 0 { 1 0.09 { 0.55 0.05 { 0.07 0.17 � 0.07+0:02�0:024� 120 0 { 1 0.09 { 0.55 0.07 { 0.1 0.05 � 0.05+0:02�0:014� 120 0 { 0.2 0.09 { 0.55 0.0002 { 0.01 -0.09 � 0.07+0:04�0:034� 120 0.2 { 0.35 0.09 { 0.55 0.0002 { 0.01 0.09 � 0.09+0:05�0:074� 120 0.35 { 0.65 0.09 { 0.55 0.0002 { 0.01 0.03 � 0.07+0:03�0:014� 120 0.65 { 1.0 0.09 { 0.55 0.0002 { 0.01 0.03 � 0.12+0:04�0:044� 120 0 { 1 0.09 { 0.14 0.0002 { 0.01 0.01 � 0.06+0:03�0:014� 120 0 { 1 0.14 { 0.2 0.0002 { 0.01 0.12 � 0.11+0:06�0:024� 120 0 { 1 0.2 { 0.3 0.0002 { 0.01 -0.05 � 0.10+0:02�0:054� 120 0 { 1 0.3 { 0.55 0.0002 { 0.01 -0.05 � 0.10+0:04�0:024� 10 0 { 1 0.09 { 0.55 0.0002 { 0.01 0.04 � 0.07+0:07�0:0210� 15 0 { 1 0.09 { 0.55 0.0002 { 0.01 -0.05 � 0.08+0:03�0:0215� 30 0 { 1 0.09 { 0.55 0.0002 { 0.01 0.10 � 0.08+0:02�0:0430� 120 0 { 1 0.09 { 0.55 0.0002 { 0.01 -0.23 � 0.12+0:02�0:05Table 4: The azimuthal asymmetry ALT in bins of Q2, �, jtj and xIP .
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Q2 (GeV2) � jtj (GeV2) xIP ATT �stat:� syst:4 { 120 0 { 1 0.09 { 0.55 0.0002 { 0.0018 0.01 � 0.07+0:07�0:034 { 120 0 { 1 0.09 { 0.55 0.0018 { 0.0042 -0.01 � 0.08+0:05�0:044 { 120 0 { 1 0.09 { 0.55 0.0042 { 0.01 -0.17 � 0.08+0:06�0:024 { 120 0 { 1 0.09 { 0.55 0.01 { 0.03 0.05 � 0.06+0:03�0:024 { 120 0 { 1 0.09 { 0.55 0.03 { 0.05 -0.11 � 0.08+0:03�0:064 { 120 0 { 1 0.09 { 0.55 0.05 { 0.07 0.06 � 0.07+0:03�0:044 { 120 0 { 1 0.09 { 0.55 0.07 { 0.1 0.02 � 0.05+0:02�0:014 { 120 0 { 0.2 0.09 { 0.55 0.0002 { 0.01 -0.14 � 0.07+0:07�0:004 { 120 0.2 { 0.35 0.09 { 0.55 0.0002 { 0.01 0.05 � 0.09+0:03�0:094 { 120 0.35 { 0.65 0.09 { 0.55 0.0002 { 0.01 -0.01 � 0.07+0:04�0:014 { 120 0.65 { 1.0 0.09 { 0.55 0.0002 { 0.01 -0.16 � 0.12+0:08�0:014 { 120 0 { 1 0.09 { 0.14 0.0002 { 0.01 -0.10 � 0.06+0:03�0:024 { 120 0 { 1 0.14 { 0.2 0.0002 { 0.01 0.13 � 0.11+0:05�0:074 { 120 0 { 1 0.2 { 0.3 0.0002 { 0.01 -0.01 � 0.10+0:05�0:054 { 120 0 { 1 0.3 { 0.55 0.0002 { 0.01 -0.11 � 0.10+0:16�0:014 { 10 0 { 1 0.09 { 0.55 0.0002 { 0.01 -0.01 � 0.07+0:11�0:0410 { 15 0 { 1 0.09 { 0.55 0.0002 { 0.01 -0.12 � 0.08+0:04�0:0215 { 30 0 { 1 0.09 { 0.55 0.0002 { 0.01 -0.03 � 0.08+0:04�0:0230 { 120 0 { 1 0.09 { 0.55 0.0002 { 0.01 -0.12 � 0.12+0:05�0:04Table 5: The azimuthal asymmetry ATT in bins of Q2, �, jtj and xIP .
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Q2 (GeV2) MX (GeV) � xIP xIP R �D(4)r dt=�t (GeV�2)�stat:� syst:2:5 3 0:217 0:0003 0:102� 0:012+0:009�0:0032:5 3 0:217 0:0009 0:069� 0:009+0:004�0:0022:5 3 0:217 0:0025 0:036� 0:006+0:007�0:0042:5 3 0:217 0:0065 0:044� 0:009+0:004�0:0042:5 7 0:049 0:0009 0:064� 0:010+0:004�0:0072:5 7 0:049 0:0025 0:052� 0:007+0:002�0:0062:5 7 0:049 0:0065 0:036� 0:005+0:004�0:0012:5 7 0:049 0:0150 0:044� 0:008+0:004�0:0052:5 7 0:049 0:0300 0:039� 0:009+0:006�0:0052:5 15 0:011 0:0065 0:044� 0:008+0:007�0:0022:5 15 0:011 0:0150 0:035� 0:007+0:013�0:0042:5 15 0:011 0:0300 0:063� 0:011+0:005�0:0052:5 15 0:011 0:0500 0:064� 0:014+0:012�0:0102:5 15 0:011 0:0700 0:093� 0:017+0:006�0:0042:5 15 0:011 0:0900 0:081� 0:015+0:016�0:0122:5 30 0:003 0:0300 0:063� 0:010+0:005�0:0062:5 30 0:003 0:0500 0:052� 0:012+0:008�0:0032:5 30 0:003 0:0700 0:058� 0:010+0:001�0:0042:5 30 0:003 0:0900 0:077� 0:012+0:004�0:0183:9 3 0:302 0:0003 0:089� 0:010+0:005�0:0043:9 3 0:302 0:0009 0:064� 0:008+0:008�0:0043:9 3 0:302 0:0025 0:060� 0:008+0:005�0:0023:9 3 0:302 0:0065 0:055� 0:009+0:003�0:0033:9 7 0:074 0:0025 0:051� 0:006+0:004�0:0033:9 7 0:074 0:0065 0:047� 0:006+0:001�0:0053:9 7 0:074 0:0150 0:041� 0:007+0:002�0:0033:9 7 0:074 0:0300 0:054� 0:011+0:010�0:008Table 6: The redued di�rative ross setion multiplied by xIP , xIP�D(4)r , obtainedwith the LPS method for di�erent values of Q2, MX and xIP and for 0:09 < jtj <0:19 GeV2 (hjtji = 0:13 GeV2). The orresponding � values are also indiated. Thetable ontinues on the next 2 pages.
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Q2 (GeV2) MX (GeV) � xIP xIP R �D(4)r dt=�t (GeV�2)�stat:� syst:3:9 15 0:017 0:0065 0:058� 0:008+0:004�0:0023:9 15 0:017 0:0150 0:054� 0:008+0:006�0:0083:9 15 0:017 0:0300 0:053� 0:009+0:002�0:0033:9 15 0:017 0:0500 0:041� 0:009+0:004�0:0023:9 15 0:017 0:0700 0:064� 0:010+0:003�0:0033:9 15 0:017 0:0900 0:068� 0:010+0:003�0:0043:9 30 0:004 0:0300 0:065� 0:010+0:009�0:0073:9 30 0:004 0:0500 0:077� 0:015+0:003�0:0123:9 30 0:004 0:0700 0:103� 0:015+0:004�0:0143:9 30 0:004 0:0900 0:092� 0:013+0:013�0:0057:1 3 0:441 0:0003 0:107� 0:012+0:005�0:0057:1 3 0:441 0:0009 0:113� 0:011+0:003�0:0107:1 3 0:441 0:0025 0:086� 0:010+0:006�0:0027:1 3 0:441 0:0065 0:082� 0:010+0:002�0:0087:1 7 0:127 0:0025 0:069� 0:006+0:003�0:0037:1 7 0:127 0:0065 0:054� 0:006+0:004�0:0047:1 7 0:127 0:0150 0:053� 0:007+0:005�0:0037:1 7 0:127 0:0300 0:074� 0:011+0:002�0:0077:1 15 0:031 0:0065 0:067� 0:008+0:005�0:0087:1 15 0:031 0:0150 0:061� 0:007+0:004�0:0057:1 15 0:031 0:0300 0:063� 0:008+0:004�0:0057:1 15 0:031 0:0500 0:105� 0:015+0:007�0:0037:1 15 0:031 0:0700 0:068� 0:008+0:004�0:0037:1 15 0:031 0:0900 0:075� 0:009+0:003�0:0037:1 30 0:008 0:0300 0:089� 0:010+0:006�0:0077:1 30 0:008 0:0500 0:104� 0:014+0:007�0:0077:1 30 0:008 0:0700 0:084� 0:009+0:005�0:0037:1 30 0:008 0:0900 0:133� 0:014+0:008�0:01114 3 0:609 0:0009 0:110� 0:014+0:005�0:00914 3 0:609 0:0025 0:093� 0:014+0:007�0:00414 3 0:609 0:0065 0:102� 0:016+0:007�0:003
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Q2 (GeV2) MX (GeV) � xIP xIP R �D(4)r dt=�t (GeV�2)�stat:� syst:14 7 0:222 0:0025 0:071� 0:008+0:002�0:00614 7 0:222 0:0065 0:067� 0:008+0:003�0:00414 7 0:222 0:0150 0:074� 0:010+0:005�0:00314 7 0:222 0:0300 0:059� 0:010+0:002�0:00614 15 0:059 0:0065 0:070� 0:009+0:002�0:00414 15 0:059 0:0150 0:083� 0:011+0:005�0:00614 15 0:059 0:0300 0:065� 0:009+0:006�0:00114 15 0:059 0:0500 0:110� 0:017+0:007�0:00614 15 0:059 0:0700 0:088� 0:011+0:002�0:00414 15 0:059 0:0900 0:090� 0:011+0:003�0:00314 30 0:015 0:0300 0:097� 0:013+0:004�0:00414 30 0:015 0:0500 0:107� 0:017+0:006�0:00514 30 0:015 0:0700 0:109� 0:013+0:003�0:00314 30 0:015 0:0900 0:113� 0:012+0:005�0:00540 3 0:816 0:0009 0:094� 0:024+0:008�0:00840 3 0:816 0:0025 0:061� 0:013+0:008�0:00640 3 0:816 0:0065 0:054� 0:013+0:003�0:00540 3 0:816 0:0150 0:049� 0:016+0:002�0:00340 7 0:449 0:0025 0:104� 0:013+0:005�0:00940 7 0:449 0:0065 0:073� 0:010+0:003�0:00540 7 0:449 0:0150 0:075� 0:012+0:004�0:00240 7 0:449 0:0300 0:079� 0:014+0:008�0:00240 7 0:449 0:0500 0:081� 0:023+0:012�0:00240 15 0:151 0:0065 0:058� 0:009+0:005�0:00540 15 0:151 0:0150 0:090� 0:013+0:004�0:00440 15 0:151 0:0300 0:073� 0:011+0:003�0:00440 15 0:151 0:0500 0:093� 0:016+0:002�0:00740 15 0:151 0:0700 0:098� 0:013+0:004�0:00640 15 0:151 0:0900 0:115� 0:013+0:005�0:00540 30 0:043 0:0300 0:090� 0:012+0:007�0:00240 30 0:043 0:0500 0:127� 0:018+0:004�0:00840 30 0:043 0:0700 0:113� 0:013+0:003�0:00740 30 0:043 0:0900 0:124� 0:012+0:006�0:00532



Q2 (GeV2) MX (GeV) � xIP xIP R �D(4)r dt=�t (GeV�2)�stat:� syst:2:5 3 0:217 0:0003 0:028� 0:004+0:001�0:0042:5 3 0:217 0:0009 0:013� 0:002+0:003�0:0032:5 3 0:217 0:0025 0:013� 0:002+0:000�0:0022:5 3 0:217 0:0065 0:012� 0:003+0:001�0:0022:5 7 0:049 0:0009 0:025� 0:005+0:001�0:0032:5 7 0:049 0:0025 0:012� 0:002+0:001�0:0012:5 7 0:049 0:0065 0:009� 0:002+0:001�0:0022:5 7 0:049 0:0150 0:010� 0:002+0:002�0:0012:5 7 0:049 0:0300 0:012� 0:003+0:001�0:0022:5 15 0:011 0:0065 0:011� 0:002+0:001�0:0022:5 15 0:011 0:0150 0:011� 0:002+0:002�0:0022:5 15 0:011 0:0300 0:012� 0:003+0:001�0:0012:5 15 0:011 0:0500 0:014� 0:003+0:004�0:0012:5 15 0:011 0:0700 0:012� 0:002+0:002�0:0012:5 15 0:011 0:0900 0:023� 0:005+0:004�0:0032:5 30 0:003 0:0300 0:015� 0:003+0:002�0:0022:5 30 0:003 0:0500 0:016� 0:003+0:001�0:0032:5 30 0:003 0:0700 0:024� 0:004+0:002�0:0032:5 30 0:003 0:0900 0:015� 0:003+0:003�0:0033:9 3 0:302 0:0003 0:023� 0:003+0:002�0:0023:9 3 0:302 0:0009 0:021� 0:003+0:002�0:0023:9 3 0:302 0:0025 0:016� 0:003+0:002�0:0013:9 3 0:302 0:0065 0:010� 0:002+0:001�0:0023:9 7 0:074 0:0025 0:012� 0:002+0:002�0:0013:9 7 0:074 0:0065 0:016� 0:002+0:001�0:0023:9 7 0:074 0:0150 0:009� 0:002+0:002�0:0013:9 7 0:074 0:0300 0:013� 0:003+0:002�0:001Table 7: The redued di�rative ross setion multiplied by xIP , xIP�D(4)r , obtainedwith the LPS method for di�erent values of Q2, MX and xIP and for 0:19 < jtj <0:55 GeV2 (hjtji = 0:3 GeV2). The orresponding � values are also indiated. Thetable ontinues on the next 2 pages.
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Q2 (GeV2) MX (GeV) � xIP xIP R �D(4)r dt=�t (GeV�2)�stat:� syst:3:9 15 0:017 0:0065 0:012� 0:002+0:001�0:0013:9 15 0:017 0:0150 0:009� 0:002+0:001�0:0013:9 15 0:017 0:0300 0:011� 0:002+0:001�0:0023:9 15 0:017 0:0500 0:014� 0:003+0:002�0:0013:9 15 0:017 0:0700 0:017� 0:002+0:002�0:0023:9 15 0:017 0:0900 0:023� 0:004+0:002�0:0023:9 30 0:004 0:0300 0:015� 0:003+0:001�0:0023:9 30 0:004 0:0500 0:018� 0:003+0:003�0:0013:9 30 0:004 0:0700 0:021� 0:003+0:003�0:0023:9 30 0:004 0:0900 0:028� 0:004+0:002�0:0027:1 3 0:441 0:0003 0:034� 0:005+0:003�0:0037:1 3 0:441 0:0009 0:022� 0:003+0:002�0:0017:1 3 0:441 0:0025 0:019� 0:003+0:002�0:0027:1 3 0:441 0:0065 0:015� 0:003+0:002�0:0027:1 7 0:127 0:0025 0:014� 0:002+0:001�0:0017:1 7 0:127 0:0065 0:011� 0:002+0:001�0:0017:1 7 0:127 0:0150 0:013� 0:002+0:001�0:0027:1 7 0:127 0:0300 0:011� 0:002+0:002�0:0017:1 15 0:031 0:0065 0:019� 0:003+0:001�0:0017:1 15 0:031 0:0150 0:016� 0:002+0:003�0:0027:1 15 0:031 0:0300 0:018� 0:003+0:001�0:0027:1 15 0:031 0:0500 0:018� 0:003+0:003�0:0017:1 15 0:031 0:0700 0:024� 0:003+0:002�0:0027:1 15 0:031 0:0900 0:028� 0:004+0:002�0:0037:1 30 0:008 0:0300 0:018� 0:003+0:001�0:0017:1 30 0:008 0:0500 0:021� 0:003+0:001�0:0027:1 30 0:008 0:0700 0:025� 0:003+0:002�0:0027:1 30 0:008 0:0900 0:031� 0:004+0:002�0:00214 3 0:609 0:0009 0:018� 0:004+0:002�0:00314 3 0:609 0:0025 0:018� 0:004+0:002�0:00114 3 0:609 0:0065 0:021� 0:004+0:002�0:001
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Q2 (GeV2) MX (GeV) � xIP xIP R �D(4)r dt=�t (GeV�2)�stat:� syst:14 7 0:222 0:0025 0:020� 0:003+0:001�0:00214 7 0:222 0:0065 0:015� 0:002+0:001�0:00114 7 0:222 0:0150 0:016� 0:003+0:001�0:00114 7 0:222 0:0300 0:018� 0:003+0:001�0:00114 15 0:059 0:0065 0:015� 0:003+0:001�0:00214 15 0:059 0:0150 0:021� 0:003+0:001�0:00114 15 0:059 0:0300 0:022� 0:004+0:002�0:00314 15 0:059 0:0500 0:021� 0:004+0:002�0:00114 15 0:059 0:0700 0:024� 0:003+0:002�0:00214 15 0:059 0:0900 0:019� 0:003+0:002�0:00214 30 0:015 0:0300 0:020� 0:003+0:001�0:00214 30 0:015 0:0500 0:018� 0:003+0:001�0:00114 30 0:015 0:0700 0:025� 0:003+0:002�0:00214 30 0:015 0:0900 0:034� 0:004+0:002�0:00440 3 0:816 0:0009 0:018� 0:006+0:001�0:00340 3 0:816 0:0025 0:023� 0:006+0:002�0:00240 3 0:816 0:0065 0:019� 0:005+0:002�0:00240 3 0:816 0:0150 0:012� 0:006+0:003�0:00340 7 0:449 0:0025 0:023� 0:004+0:001�0:00140 7 0:449 0:0065 0:022� 0:003+0:002�0:00140 7 0:449 0:0150 0:017� 0:003+0:001�0:00140 7 0:449 0:0300 0:014� 0:003+0:001�0:00140 7 0:449 0:0500 0:019� 0:006+0:002�0:00440 15 0:151 0:0065 0:022� 0:004+0:001�0:00240 15 0:151 0:0150 0:016� 0:003+0:001�0:00240 15 0:151 0:0300 0:013� 0:003+0:002�0:00140 15 0:151 0:0500 0:025� 0:004+0:002�0:00240 15 0:151 0:0700 0:022� 0:003+0:002�0:00240 15 0:151 0:0900 0:027� 0:004+0:003�0:00240 30 0:043 0:0300 0:022� 0:004+0:001�0:00340 30 0:043 0:0500 0:028� 0:004+0:002�0:00140 30 0:043 0:0700 0:029� 0:003+0:002�0:00240 30 0:043 0:0900 0:043� 0:005+0:003�0:00435



Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:2:5 3 0:217 0:0003 0:039� 0:004+0:003�0:0032:5 3 0:217 0:0009 0:023� 0:002+0:001�0:0022:5 3 0:217 0:0025 0:014� 0:002+0:002�0:0012:5 3 0:217 0:0065 0:018� 0:003+0:002�0:0052:5 6 0:065 0:0009 0:025� 0:003+0:003�0:0022:5 6 0:065 0:0025 0:016� 0:002+0:003�0:0012:5 6 0:065 0:0065 0:014� 0:002+0:001�0:0022:5 6 0:065 0:0150 0:016� 0:003+0:002�0:0022:5 11 0:020 0:0025 0:023� 0:004+0:002�0:0022:5 11 0:020 0:0065 0:015� 0:002+0:002�0:0022:5 11 0:020 0:0150 0:013� 0:002+0:002�0:0022:5 11 0:020 0:0300 0:016� 0:002+0:001�0:0022:5 11 0:020 0:0500 0:024� 0:005+0:004�0:0012:5 11 0:020 0:0700 0:023� 0:004+0:003�0:0022:5 19 0:007 0:0065 0:021� 0:004+0:003�0:0042:5 19 0:007 0:0150 0:019� 0:003+0:001�0:0032:5 19 0:007 0:0300 0:020� 0:003+0:002�0:0032:5 19 0:007 0:0500 0:019� 0:003+0:001�0:0022:5 19 0:007 0:0700 0:027� 0:004+0:002�0:0052:5 19 0:007 0:0900 0:028� 0:004+0:002�0:0032:5 32 0:002 0:0300 0:020� 0:003+0:003�0:0012:5 32 0:002 0:0500 0:020� 0:004+0:001�0:0022:5 32 0:002 0:0700 0:029� 0:004+0:004�0:0012:5 32 0:002 0:0900 0:023� 0:003+0:003�0:0023:9 3 0:302 0:0003 0:035� 0:003+0:002�0:0033:9 3 0:302 0:0009 0:026� 0:002+0:002�0:0013:9 3 0:302 0:0025 0:024� 0:003+0:002�0:0033:9 3 0:302 0:0065 0:017� 0:002+0:002�0:002Table 8: The redued di�rative ross setion multiplied by xIP , xIP�D(3)r , obtainedwith the LPS method for di�erent values of Q2, MX and xIP . The orresponding �values are also indiated. The table ontinues on the next 3 pages.
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Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:3:9 6 0:098 0:0009 0:024� 0:002+0:003�0:0013:9 6 0:098 0:0025 0:019� 0:002+0:001�0:0013:9 6 0:098 0:0065 0:017� 0:002+0:001�0:0013:9 6 0:098 0:0150 0:015� 0:002+0:002�0:0013:9 11 0:031 0:0025 0:018� 0:003+0:001�0:0013:9 11 0:031 0:0065 0:017� 0:002+0:001�0:0013:9 11 0:031 0:0150 0:017� 0:002+0:001�0:0023:9 11 0:031 0:0300 0:020� 0:003+0:001�0:0013:9 11 0:031 0:0500 0:017� 0:003+0:001�0:0033:9 11 0:031 0:0700 0:023� 0:003+0:002�0:0023:9 19 0:011 0:0065 0:031� 0:005+0:002�0:0053:9 19 0:011 0:0150 0:016� 0:002+0:002�0:0013:9 19 0:011 0:0300 0:019� 0:003+0:001�0:0033:9 19 0:011 0:0500 0:024� 0:004+0:004�0:0013:9 19 0:011 0:0700 0:028� 0:003+0:001�0:0023:9 19 0:011 0:0900 0:032� 0:004+0:001�0:0023:9 32 0:004 0:0300 0:027� 0:004+0:001�0:0043:9 32 0:004 0:0500 0:026� 0:004+0:003�0:0033:9 32 0:004 0:0700 0:030� 0:004+0:003�0:0033:9 32 0:004 0:0900 0:040� 0:005+0:002�0:0037:1 3 0:441 0:0003 0:045� 0:004+0:003�0:0037:1 3 0:441 0:0009 0:039� 0:003+0:002�0:0037:1 3 0:441 0:0025 0:032� 0:003+0:002�0:0027:1 3 0:441 0:0065 0:028� 0:003+0:001�0:0027:1 6 0:165 0:0009 0:034� 0:003+0:002�0:0027:1 6 0:165 0:0025 0:024� 0:002+0:002�0:0017:1 6 0:165 0:0065 0:019� 0:002+0:001�0:0017:1 6 0:165 0:0150 0:019� 0:002+0:002�0:001
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Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:7:1 11 0:055 0:0025 0:024� 0:003+0:003�0:0027:1 11 0:055 0:0065 0:022� 0:002+0:002�0:0017:1 11 0:055 0:0150 0:018� 0:002+0:001�0:0027:1 11 0:055 0:0300 0:022� 0:002+0:002�0:0027:1 11 0:055 0:0500 0:026� 0:003+0:002�0:0027:1 11 0:055 0:0700 0:026� 0:003+0:002�0:0017:1 19 0:019 0:0065 0:034� 0:005+0:002�0:0067:1 19 0:019 0:0150 0:024� 0:003+0:003�0:0027:1 19 0:019 0:0300 0:024� 0:003+0:002�0:0017:1 19 0:019 0:0500 0:030� 0:004+0:003�0:0027:1 19 0:019 0:0700 0:028� 0:003+0:002�0:0027:1 19 0:019 0:0900 0:038� 0:004+0:004�0:0027:1 32 0:007 0:0300 0:029� 0:003+0:003�0:0027:1 32 0:007 0:0500 0:033� 0:004+0:004�0:0027:1 32 0:007 0:0700 0:032� 0:003+0:002�0:0027:1 32 0:007 0:0900 0:046� 0:004+0:004�0:00314 3 0:609 0:0009 0:036� 0:004+0:002�0:00214 3 0:609 0:0025 0:030� 0:004+0:002�0:00114 3 0:609 0:0065 0:035� 0:004+0:002�0:00114 6 0:280 0:0009 0:039� 0:005+0:002�0:00214 6 0:280 0:0025 0:031� 0:003+0:002�0:00114 6 0:280 0:0065 0:025� 0:003+0:002�0:00314 6 0:280 0:0150 0:026� 0:003+0:003�0:00114 6 0:280 0:0300 0:022� 0:004+0:004�0:00214 11 0:104 0:0025 0:025� 0:004+0:001�0:00214 11 0:104 0:0065 0:024� 0:003+0:001�0:00114 11 0:104 0:0150 0:028� 0:003+0:003�0:00214 11 0:104 0:0300 0:026� 0:003+0:002�0:00314 11 0:104 0:0500 0:031� 0:004+0:002�0:00214 11 0:104 0:0700 0:032� 0:004+0:002�0:003
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Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:14 19 0:037 0:0150 0:027� 0:004+0:001�0:00214 19 0:037 0:0300 0:028� 0:003+0:002�0:00214 19 0:037 0:0500 0:035� 0:005+0:003�0:00614 19 0:037 0:0700 0:036� 0:004+0:002�0:00214 19 0:037 0:0900 0:033� 0:003+0:002�0:00314 32 0:013 0:0300 0:036� 0:005+0:002�0:00614 32 0:013 0:0500 0:035� 0:005+0:002�0:00314 32 0:013 0:0700 0:038� 0:004+0:003�0:00314 32 0:013 0:0900 0:048� 0:005+0:003�0:00240 3 0:816 0:0009 0:030� 0:006+0:003�0:00140 3 0:816 0:0025 0:028� 0:005+0:004�0:00240 3 0:816 0:0065 0:024� 0:004+0:001�0:00240 3 0:816 0:0150 0:020� 0:005+0:001�0:00240 6 0:526 0:0025 0:034� 0:004+0:002�0:00340 6 0:526 0:0065 0:033� 0:004+0:002�0:00340 6 0:526 0:0150 0:029� 0:004+0:002�0:00240 6 0:526 0:0300 0:029� 0:005+0:004�0:00240 11 0:248 0:0065 0:021� 0:003+0:003�0:00140 11 0:248 0:0150 0:028� 0:004+0:002�0:00340 11 0:248 0:0300 0:023� 0:003+0:002�0:00140 11 0:248 0:0500 0:025� 0:004+0:002�0:00340 11 0:248 0:0700 0:033� 0:004+0:002�0:00340 11 0:248 0:0900 0:033� 0:004+0:003�0:00140 19 0:100 0:0150 0:030� 0:004+0:003�0:00440 19 0:100 0:0300 0:024� 0:003+0:001�0:00240 19 0:100 0:0500 0:039� 0:005+0:003�0:00440 19 0:100 0:0700 0:036� 0:003+0:002�0:00240 19 0:100 0:0900 0:043� 0:004+0:002�0:00340 32 0:038 0:0300 0:033� 0:004+0:003�0:00240 32 0:038 0:0500 0:044� 0:005+0:003�0:00540 32 0:038 0:0700 0:042� 0:004+0:003�0:00240 32 0:038 0:0900 0:056� 0:005+0:003�0:00239



Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:2:5 3 0:217 0:0003 0:0448� 0:0005+0:0053�0:00492:5 3 0:217 0:0005 0:0308� 0:0003+0:0030�0:00272:5 3 0:217 0:0010 0:0243� 0:0003+0:0018�0:00172:5 3 0:217 0:0020 0:0195� 0:0003+0:0012�0:00102:5 3 0:217 0:0038 0:0182� 0:0003+0:0007�0:00062:5 5 0:091 0:0005 0:0320� 0:0006+0:0032�0:00302:5 5 0:091 0:0010 0:0219� 0:0004+0:0017�0:00152:5 5 0:091 0:0020 0:0175� 0:0003+0:0009�0:00092:5 5 0:091 0:0038 0:0158� 0:0003+0:0007�0:00062:5 5 0:091 0:0073 0:0144� 0:0003+0:0007�0:00052:5 5 0:091 0:0140 0:0159� 0:0005+0:0016�0:00092:5 8 0:038 0:0020 0:0186� 0:0003+0:0010�0:00102:5 8 0:038 0:0038 0:0161� 0:0003+0:0006�0:00052:5 8 0:038 0:0073 0:0146� 0:0003+0:0005�0:00052:5 13 0:015 0:0038 0:0226� 0:0004+0:0008�0:00072:5 20 0:006 0:0140 0:0251� 0:0031+0:0019�0:00333:5 3 0:280 0:0003 0:0429� 0:0006+0:0052�0:00453:5 3 0:280 0:0005 0:0336� 0:0004+0:0033�0:00303:5 3 0:280 0:0010 0:0273� 0:0004+0:0020�0:00193:5 3 0:280 0:0020 0:0230� 0:0003+0:0012�0:00123:5 3 0:280 0:0038 0:0207� 0:0003+0:0008�0:00073:5 3 0:280 0:0073 0:0199� 0:0005+0:0006�0:00053:5 5 0:123 0:0005 0:0303� 0:0006+0:0032�0:00293:5 5 0:123 0:0010 0:0232� 0:0004+0:0020�0:00163:5 5 0:123 0:0020 0:0195� 0:0004+0:0011�0:00103:5 5 0:123 0:0038 0:0176� 0:0004+0:0006�0:00083:5 5 0:123 0:0073 0:0171� 0:0004+0:0004�0:0005Table 9: The redued di�rative ross setion multiplied by xIP , xIP�D(3)r , obtainedwith the LRG method for di�erent values of Q2, MX and xIP . The orresponding� values are also indiated. The table ontinues on the next 8 pages.
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Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:3:5 8 0:052 0:0020 0:0187� 0:0003+0:0011�0:00103:5 8 0:052 0:0038 0:0165� 0:0003+0:0006�0:00053:5 8 0:052 0:0073 0:0160� 0:0003+0:0004�0:00053:5 13 0:020 0:0038 0:0205� 0:0004+0:0009�0:00074:5 3 0:333 0:0003 0:0392� 0:0006+0:0045�0:00414:5 3 0:333 0:0005 0:0340� 0:0005+0:0035�0:00294:5 3 0:333 0:0010 0:0289� 0:0005+0:0022�0:00204:5 3 0:333 0:0020 0:0250� 0:0005+0:0014�0:00134:5 3 0:333 0:0038 0:0228� 0:0004+0:0009�0:00084:5 3 0:333 0:0073 0:0217� 0:0006+0:0006�0:00064:5 5 0:153 0:0005 0:0295� 0:0007+0:0029�0:00274:5 5 0:153 0:0010 0:0232� 0:0005+0:0020�0:00174:5 5 0:153 0:0020 0:0192� 0:0005+0:0011�0:00114:5 5 0:153 0:0038 0:0183� 0:0005+0:0008�0:00074:5 5 0:153 0:0073 0:0178� 0:0005+0:0006�0:00064:5 5 0:153 0:0140 0:0203� 0:0008+0:0011�0:00094:5 8 0:066 0:0020 0:0191� 0:0004+0:0012�0:00104:5 8 0:066 0:0038 0:0171� 0:0004+0:0009�0:00074:5 8 0:066 0:0073 0:0153� 0:0004+0:0005�0:00044:5 13 0:026 0:0038 0:0197� 0:0004+0:0006�0:00084:5 13 0:026 0:0073 0:0182� 0:0004+0:0007�0:00055:5 3 0:379 0:0003 0:0405� 0:0008+0:0045�0:00425:5 3 0:379 0:0005 0:0361� 0:0006+0:0035�0:00315:5 3 0:379 0:0010 0:0311� 0:0006+0:0024�0:00215:5 3 0:379 0:0020 0:0257� 0:0005+0:0014�0:00135:5 3 0:379 0:0038 0:0232� 0:0005+0:0013�0:00095:5 3 0:379 0:0073 0:0221� 0:0006+0:0009�0:00055:5 5 0:180 0:0005 0:0306� 0:0008+0:0030�0:00275:5 5 0:180 0:0010 0:0245� 0:0005+0:0019�0:00185:5 5 0:180 0:0020 0:0192� 0:0005+0:0012�0:00095:5 5 0:180 0:0038 0:0189� 0:0005+0:0008�0:00075:5 5 0:180 0:0073 0:0169� 0:0005+0:0009�0:00045:5 5 0:180 0:0140 0:0188� 0:0008+0:0010�0:000841



Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:5:5 8 0:079 0:0020 0:0183� 0:0004+0:0010�0:00095:5 8 0:079 0:0038 0:0172� 0:0004+0:0007�0:00065:5 8 0:079 0:0073 0:0155� 0:0004+0:0006�0:00035:5 8 0:079 0:0140 0:0182� 0:0006+0:0010�0:00085:5 13 0:032 0:0038 0:0209� 0:0005+0:0006�0:00065:5 13 0:032 0:0073 0:0199� 0:0005+0:0005�0:00055:5 20 0:014 0:0073 0:0227� 0:0007+0:0008�0:00036:5 3 0:419 0:0003 0:0417� 0:0010+0:0047�0:00436:5 3 0:419 0:0005 0:0396� 0:0007+0:0037�0:00346:5 3 0:419 0:0010 0:0319� 0:0006+0:0024�0:00226:5 3 0:419 0:0020 0:0286� 0:0006+0:0019�0:00146:5 3 0:419 0:0038 0:0255� 0:0006+0:0012�0:00086:5 3 0:419 0:0073 0:0237� 0:0006+0:0008�0:00076:5 5 0:206 0:0010 0:0265� 0:0006+0:0020�0:00206:5 5 0:206 0:0020 0:0232� 0:0006+0:0012�0:00126:5 5 0:206 0:0038 0:0194� 0:0006+0:0008�0:00086:5 5 0:206 0:0073 0:0180� 0:0006+0:0006�0:00056:5 8 0:092 0:0020 0:0195� 0:0005+0:0010�0:00106:5 8 0:092 0:0038 0:0182� 0:0005+0:0007�0:00066:5 8 0:092 0:0073 0:0176� 0:0005+0:0007�0:00056:5 13 0:037 0:0038 0:0207� 0:0006+0:0007�0:00086:5 13 0:037 0:0073 0:0181� 0:0005+0:0007�0:00056:5 20 0:016 0:0073 0:0246� 0:0009+0:0008�0:00058:5 3 0:486 0:0005 0:0409� 0:0005+0:0038�0:00358:5 3 0:486 0:0010 0:0360� 0:0005+0:0027�0:00258:5 3 0:486 0:0020 0:0305� 0:0005+0:0017�0:00168:5 3 0:486 0:0038 0:0271� 0:0004+0:0010�0:00098:5 3 0:486 0:0073 0:0261� 0:0005+0:0007�0:00088:5 5 0:254 0:0010 0:0319� 0:0005+0:0023�0:00228:5 5 0:254 0:0020 0:0245� 0:0004+0:0013�0:00138:5 5 0:254 0:0038 0:0225� 0:0004+0:0008�0:00098:5 5 0:254 0:0073 0:0205� 0:0004+0:0006�0:000442



Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:8:5 8 0:117 0:0020 0:0224� 0:0004+0:0011�0:00118:5 8 0:117 0:0038 0:0195� 0:0003+0:0007�0:00068:5 8 0:117 0:0073 0:0186� 0:0003+0:0007�0:00058:5 13 0:048 0:0038 0:0236� 0:0004+0:0008�0:00078:5 13 0:048 0:0073 0:0221� 0:0004+0:0006�0:00078:5 20 0:021 0:0073 0:0273� 0:0006+0:0009�0:000512 3 0:571 0:0005 0:0451� 0:0007+0:0042�0:004012 3 0:571 0:0010 0:0396� 0:0006+0:0029�0:002812 3 0:571 0:0020 0:0339� 0:0006+0:0019�0:001812 3 0:571 0:0038 0:0310� 0:0006+0:0011�0:001312 3 0:571 0:0073 0:0288� 0:0006+0:0011�0:000612 5 0:324 0:0010 0:0348� 0:0006+0:0025�0:002412 5 0:324 0:0020 0:0304� 0:0006+0:0017�0:001612 5 0:324 0:0038 0:0249� 0:0005+0:0009�0:000812 5 0:324 0:0073 0:0228� 0:0005+0:0008�0:000612 8 0:158 0:0020 0:0253� 0:0005+0:0013�0:001512 8 0:158 0:0038 0:0216� 0:0004+0:0008�0:000712 8 0:158 0:0073 0:0204� 0:0004+0:0005�0:000512 8 0:158 0:0140 0:0219� 0:0005+0:0013�0:000612 13 0:066 0:0038 0:0255� 0:0006+0:0007�0:000812 13 0:066 0:0073 0:0230� 0:0004+0:0005�0:000412 13 0:066 0:0140 0:0260� 0:0006+0:0021�0:000912 20 0:029 0:0073 0:0285� 0:0008+0:0011�0:000512 20 0:029 0:0140 0:0285� 0:0006+0:0031�0:001816 3 0:640 0:0005 0:0454� 0:0012+0:0042�0:004116 3 0:640 0:0010 0:0412� 0:0009+0:0031�0:002816 3 0:640 0:0020 0:0363� 0:0008+0:0021�0:002016 3 0:640 0:0038 0:0306� 0:0007+0:0011�0:001116 3 0:640 0:0073 0:0306� 0:0008+0:0010�0:000716 3 0:640 0:0140 0:0307� 0:0011+0:0018�0:0017
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Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:16 5 0:390 0:0010 0:0398� 0:0010+0:0030�0:002916 5 0:390 0:0020 0:0315� 0:0008+0:0017�0:001516 5 0:390 0:0038 0:0284� 0:0007+0:0010�0:001016 5 0:390 0:0073 0:0267� 0:0007+0:0008�0:000416 5 0:390 0:0140 0:0275� 0:0008+0:0017�0:001716 8 0:200 0:0020 0:0282� 0:0007+0:0015�0:001416 8 0:200 0:0038 0:0240� 0:0005+0:0008�0:000816 8 0:200 0:0073 0:0226� 0:0005+0:0006�0:000616 8 0:200 0:0140 0:0244� 0:0006+0:0010�0:000716 13 0:086 0:0038 0:0287� 0:0008+0:0010�0:000816 13 0:086 0:0073 0:0245� 0:0006+0:0005�0:000616 13 0:086 0:0140 0:0267� 0:0007+0:0018�0:001416 20 0:038 0:0073 0:0315� 0:0012+0:0007�0:001116 20 0:038 0:0140 0:0305� 0:0008+0:0033�0:002022 3 0:710 0:0005 0:0416� 0:0019+0:0044�0:003322 3 0:710 0:0010 0:0398� 0:0011+0:0030�0:003322 3 0:710 0:0020 0:0350� 0:0010+0:0022�0:002122 3 0:710 0:0038 0:0312� 0:0009+0:0013�0:001522 3 0:710 0:0073 0:0293� 0:0009+0:0013�0:001122 3 0:710 0:0140 0:0286� 0:0010+0:0017�0:001422 5 0:468 0:0010 0:0442� 0:0014+0:0030�0:003022 5 0:468 0:0020 0:0369� 0:0011+0:0020�0:001822 5 0:468 0:0038 0:0319� 0:0009+0:0012�0:001322 5 0:468 0:0073 0:0302� 0:0009+0:0012�0:000922 5 0:468 0:0140 0:0283� 0:0009+0:0027�0:001122 8 0:256 0:0020 0:0293� 0:0008+0:0015�0:001522 8 0:256 0:0038 0:0260� 0:0007+0:0011�0:000822 8 0:256 0:0073 0:0238� 0:0006+0:0008�0:000822 8 0:256 0:0140 0:0249� 0:0007+0:0024�0:000822 13 0:115 0:0038 0:0286� 0:0009+0:0013�0:001422 13 0:115 0:0073 0:0263� 0:0007+0:0007�0:000522 13 0:115 0:0140 0:0270� 0:0008+0:0016�0:000944



Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:22 20 0:052 0:0140 0:0310� 0:0010+0:0026�0:001330 3 0:769 0:0010 0:0352� 0:0013+0:0030�0:002730 3 0:769 0:0020 0:0303� 0:0012+0:0017�0:002230 3 0:769 0:0038 0:0276� 0:0011+0:0013�0:001530 3 0:769 0:0073 0:0286� 0:0012+0:0007�0:001430 3 0:769 0:0140 0:0279� 0:0013+0:0012�0:001630 5 0:545 0:0010 0:0430� 0:0019+0:0041�0:002730 5 0:545 0:0020 0:0361� 0:0013+0:0018�0:002330 5 0:545 0:0038 0:0330� 0:0013+0:0018�0:001230 5 0:545 0:0073 0:0308� 0:0012+0:0008�0:001030 5 0:545 0:0140 0:0302� 0:0013+0:0028�0:001030 8 0:319 0:0020 0:0317� 0:0011+0:0016�0:001530 8 0:319 0:0038 0:0271� 0:0008+0:0009�0:000930 8 0:319 0:0073 0:0236� 0:0008+0:0005�0:000430 8 0:319 0:0140 0:0270� 0:0010+0:0007�0:001030 13 0:151 0:0038 0:0283� 0:0011+0:0009�0:000930 13 0:151 0:0073 0:0258� 0:0008+0:0007�0:000930 13 0:151 0:0140 0:0280� 0:0010+0:0018�0:001130 20 0:070 0:0140 0:0294� 0:0010+0:0033�0:001140 3 0:816 0:0010 0:0349� 0:0021+0:0028�0:002540 3 0:816 0:0020 0:0293� 0:0016+0:0018�0:001840 3 0:816 0:0038 0:0258� 0:0015+0:0012�0:001640 3 0:816 0:0073 0:0227� 0:0014+0:0011�0:001340 3 0:816 0:0140 0:0206� 0:0014+0:0013�0:001340 5 0:615 0:0020 0:0357� 0:0017+0:0026�0:001940 5 0:615 0:0038 0:0309� 0:0016+0:0011�0:001640 5 0:615 0:0073 0:0282� 0:0015+0:0005�0:001240 5 0:615 0:0140 0:0273� 0:0015+0:0024�0:001340 8 0:385 0:0020 0:0386� 0:0016+0:0021�0:002740 8 0:385 0:0038 0:0298� 0:0011+0:0009�0:001040 8 0:385 0:0073 0:0252� 0:0010+0:0008�0:000740 8 0:385 0:0140 0:0281� 0:0012+0:0017�0:001745



Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:40 13 0:191 0:0038 0:0317� 0:0015+0:0010�0:000940 13 0:191 0:0073 0:0273� 0:0010+0:0007�0:000740 13 0:191 0:0140 0:0271� 0:0012+0:0020�0:001040 20 0:091 0:0140 0:0345� 0:0014+0:0024�0:001950 3 0:847 0:0020 0:0304� 0:0021+0:0022�0:002550 3 0:847 0:0038 0:0236� 0:0017+0:0015�0:001450 3 0:847 0:0073 0:0209� 0:0017+0:0004�0:001150 3 0:847 0:0140 0:0221� 0:0018+0:0015�0:001150 5 0:667 0:0020 0:0360� 0:0021+0:0024�0:001750 5 0:667 0:0038 0:0365� 0:0021+0:0013�0:002150 5 0:667 0:0073 0:0256� 0:0017+0:0015�0:001250 5 0:667 0:0140 0:0300� 0:0020+0:0007�0:002250 8 0:439 0:0020 0:0396� 0:0023+0:0018�0:002450 8 0:439 0:0038 0:0334� 0:0014+0:0019�0:001350 8 0:439 0:0073 0:0290� 0:0013+0:0011�0:000750 8 0:439 0:0140 0:0277� 0:0014+0:0023�0:001250 13 0:228 0:0038 0:0352� 0:0020+0:0010�0:001650 13 0:228 0:0073 0:0312� 0:0013+0:0011�0:001150 13 0:228 0:0140 0:0284� 0:0013+0:0011�0:001250 20 0:111 0:0140 0:0344� 0:0015+0:0041�0:002265 3 0:878 0:0020 0:0282� 0:0025+0:0016�0:002665 3 0:878 0:0038 0:0221� 0:0020+0:0015�0:001265 3 0:878 0:0073 0:0182� 0:0018+0:0007�0:001465 3 0:878 0:0140 0:0148� 0:0017+0:0013�0:001165 5 0:722 0:0020 0:0342� 0:0028+0:0027�0:002365 5 0:722 0:0038 0:0307� 0:0023+0:0014�0:001265 5 0:722 0:0073 0:0295� 0:0022+0:0011�0:001265 5 0:722 0:0140 0:0258� 0:0021+0:0009�0:000565 8 0:504 0:0038 0:0324� 0:0017+0:0011�0:001065 8 0:504 0:0073 0:0290� 0:0015+0:0015�0:001065 8 0:504 0:0140 0:0274� 0:0015+0:0013�0:0005
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Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:65 13 0:278 0:0073 0:0304� 0:0014+0:0014�0:001365 13 0:278 0:0140 0:0297� 0:0015+0:0014�0:001565 20 0:140 0:0140 0:0339� 0:0017+0:0020�0:002085 3 0:904 0:0020 0:0188� 0:0029+0:0028�0:001385 3 0:904 0:0038 0:0158� 0:0021+0:0026�0:001285 3 0:904 0:0073 0:0165� 0:0022+0:0015�0:001085 3 0:904 0:0140 0:0132� 0:0020+0:0009�0:000585 5 0:773 0:0020 0:0329� 0:0046+0:0027�0:001485 5 0:773 0:0038 0:0243� 0:0024+0:0009�0:002085 5 0:773 0:0073 0:0225� 0:0024+0:0016�0:000585 5 0:773 0:0140 0:0224� 0:0023+0:0008�0:000585 8 0:570 0:0038 0:0321� 0:0021+0:0016�0:001185 8 0:570 0:0073 0:0298� 0:0019+0:0011�0:001785 8 0:570 0:0140 0:0260� 0:0018+0:0020�0:001585 13 0:335 0:0073 0:0304� 0:0017+0:0011�0:001385 13 0:335 0:0140 0:0301� 0:0018+0:0013�0:001385 20 0:175 0:0140 0:0299� 0:0018+0:0030�0:0017110 3 0:924 0:0038 0:0180� 0:0028+0:0009�0:0027110 3 0:924 0:0073 0:0138� 0:0022+0:0006�0:0006110 3 0:924 0:0140 0:0106� 0:0019+0:0011�0:0007110 5 0:815 0:0038 0:0237� 0:0028+0:0022�0:0016110 5 0:815 0:0073 0:0205� 0:0025+0:0013�0:0015110 5 0:815 0:0140 0:0207� 0:0024+0:0010�0:0005110 8 0:632 0:0038 0:0334� 0:0025+0:0010�0:0014110 8 0:632 0:0073 0:0287� 0:0021+0:0022�0:0005110 8 0:632 0:0140 0:0265� 0:0019+0:0017�0:0020110 13 0:394 0:0073 0:0303� 0:0019+0:0010�0:0012110 13 0:394 0:0140 0:0263� 0:0017+0:0017�0:0007110 20 0:216 0:0140 0:0284� 0:0018+0:0009�0:0009140 3 0:940 0:0038 0:0146� 0:0032+0:0014�0:0024140 3 0:940 0:0073 0:0112� 0:0026+0:0010�0:0010140 3 0:940 0:0140 0:0091� 0:0025+0:0017�0:000647



Q2 (GeV2) MX (GeV) � xIP xIP�D(3)r�stat:� syst:140 5 0:848 0:0038 0:0188� 0:0034+0:0022�0:0021140 5 0:848 0:0073 0:0148� 0:0027+0:0005�0:0023140 5 0:848 0:0140 0:0155� 0:0026+0:0013�0:0007140 8 0:686 0:0038 0:0349� 0:0042+0:0030�0:0027140 8 0:686 0:0073 0:0280� 0:0026+0:0004�0:0022140 8 0:686 0:0140 0:0238� 0:0023+0:0016�0:0011140 13 0:453 0:0073 0:0302� 0:0024+0:0011�0:0012140 13 0:453 0:0140 0:0271� 0:0021+0:0013�0:0013140 20 0:259 0:0140 0:0288� 0:0022+0:0043�0:0004185 3 0:954 0:0038 0:0137� 0:0057+0:0066�0:0020185 3 0:954 0:0073 0:0101� 0:0042+0:0014�0:0001185 3 0:954 0:0140 0:0136� 0:0045+0:0006�0:0016185 5 0:881 0:0038 0:0110� 0:0044+0:0003�0:0053185 5 0:881 0:0073 0:0107� 0:0029+0:0010�0:0008185 5 0:881 0:0140 0:0113� 0:0030+0:0012�0:0014185 8 0:743 0:0073 0:0207� 0:0029+0:0013�0:0020185 8 0:743 0:0140 0:0186� 0:0026+0:0015�0:0006185 13 0:523 0:0073 0:0314� 0:0034+0:0017�0:0017185 13 0:523 0:0140 0:0234� 0:0024+0:0016�0:0017185 20 0:316 0:0140 0:0322� 0:0031+0:0028�0:0039255 3 0:966 0:0073 0:0061� 0:0033+0:0003�0:0000255 3 0:966 0:0140 0:0038� 0:0023+0:0013�0:0000255 5 0:911 0:0073 0:0095� 0:0034+0:0027�0:0001255 5 0:911 0:0140 0:0082� 0:0029+0:0018�0:0019255 8 0:799 0:0073 0:0170� 0:0034+0:0023�0:0026255 8 0:799 0:0140 0:0233� 0:0036+0:0021�0:0014255 13 0:601 0:0140 0:0238� 0:0028+0:0011�0:0014255 20 0:389 0:0140 0:0252� 0:0031+0:0039�0:0015
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Fit LPS (no interferene) Fit LPS max interf. IP -IR�2=ndf 162.9/153 160:7=153�IP (0) 1:11� 0:02(stat:)+0:01�0:02(syst:)� 0:02(model) 1:16� 0:03(stat:)�IR(0) 0:75� 0:07(stat:)+0:02�0:04(syst:)� 0:05(model) 0:68� 0:09(stat:)�0IP �0:01� 0:06(stat:)+0:04�0:08(syst:)� 0:04(model) GeV�2 0:12� 0:05(stat:) GeV�2BIP 7:1� 0:7(stat:)+1:4�0:7(syst:) GeV�2 5:2� 0:5(stat:) GeV�2nIR 2:11� 0:64(stat:)+0:26�0:37(syst:) 1:9� 0:7(stat:)Table 10: The values and unertainties of the parameters extrated from the Regge�ts to the LPS data, without interferene and with maximal interferene betweenthe Pomeron and Reggeon exhanges.

Fit LRG�2=ndf �2=ndf = 143:9=168�IP (0) 1:117� 0:006+0:022�0:007(model)�IR(0) �xed to 0.75�0IP �xed to 0BIP �xed to 7.0 GeV�2nIR 2:98� 0:39Table 11: The values of the parameters extrated from the Regge �t to the LRGdata and the orresponding unertainties.
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Figure 17: The redued di�rative ross setion multiplied by xIP , xIP�D(3)r , ob-tained with the LRG method (dots) at xIP = 0:003 and xIP = 0:01 as a funtion ofQ2 for di�erent � values ompared with the H1 results (open irles), also obtainedwith the LRG method. Other details as in aption for Fig. 16.
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