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Leading proton prodution in deep inelastisattering at HERA

ZEUS Collaboration
AbstratThe semi-inlusive reation e+p! e+Xp was studied with the ZEUS detetor atHERA using an integrated luminosity of 12.8 pb�1. The �nal-state proton, whihwas deteted with the ZEUS leading proton spetrometer, arried a large frationof the inoming proton energy, xL > 0:32, and its transverse momentum squaredsatis�ed p2T < 0:5 GeV2; the exhanged photon virtuality, Q2, was greater than 3GeV2 and the range of the masses of the photon-proton system was 45 < W < 225GeV. The leading proton prodution ross setion and rates are presented as afuntion of xL, p2T , Q2 and the Bjorken saling variable, x.
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1 IntrodutionHadron-hadron ollisions predominantly give rise to leading partiles of the same type asthose in the inoming beams and arrying a large fration of the momentum of inomingpartiles. The spetrum of leading partiles approximately sales with the entre-of-mass energy, a property known as limiting fragmentation [1℄. The properties of theaompanying �nal state are also universal when studied as a funtion of the entre-of-mass energy available after exluding the leading partiles [2, 3℄.Events with a �nal-state proton arrying a large fration of the available energy, xL, buta small transverse momentum, pT , have been studied in detail in high-energy hadron-proton ollisions [4�6℄. More reently, the HERA experiments reported measurementsof the prodution of leading protons in ep ollisions [7, 8℄. Several mehanisms havebeen suggested to explain the prodution of leading protons. None of them are, as yet,amenable to alulations based on perturbative quantum hromodynamis (pQCD). Thisis, in part, a onsequene of the small values of pT of the leading proton whih neessi-tates a non-perturbative approah. Some models [9�13℄ are based on the Regge formalism,with leading proton prodution ourring through t-hannel exhanges, both isosalar andisovetor, notably of the Pomeron, pion and Reggeon trajetories. These exhanges medi-ate the interation between the proton and the hadroni �utuations of the virtual photon.Other models retain quarks and gluons as fundamental entities, but add non-perturbativeelements, suh as soft-olour interations (SCI) [14℄. Alternatively, the onept of fraturefuntions [15℄ o�ers a QCD framework in whih to desribe the leading baryon momentumspetra.This paper presents measurements of leading proton prodution in e+p ollisions, e+p!e+Xp, with a four-fold inrease in statistis ompared to an earlier measurement [7℄. High-energy protons with low transverse momentum arrying at least a fration xL=0.32 of theinoming-proton momentum were measured in the ZEUS leading proton spetrometer(LPS) [16℄. The ross setions are presented as a funtion of the proton variables xLand p2T . The dependene on the Bjorken variable, x, and on the photon virtuality, Q2,was also studied and ompared to that of the inlusive deep inelasti sattering (DIS)reation e+p ! e+X. The measurements over the kinemati range Q2 > 3 GeV2 and45 < W < 225 GeV, whereW is the total mass of the photon-proton system. The data forxL > 0:93 were used in an earlier study [17℄ to extrat the di�rative struture funtionof the proton.The leading proton struture funtion, F LP2 , de�ned in Setion 3, whih an be identi�edwith a frature funtion, is also presented. The latter parameterises the momentumspetra of leading partiles through parton distribution funtions in the proton. Thisapproah an be inorporated in Monte Carlo (MC) programs simulating hadroni �nal1



states in pp interations at the LHC [18℄ and extended osmi-ray showers [19, 20℄.2 Experimental set-upThe measurements were performed with data olleted in 1997 at the ep ollider HERAusing the ZEUS detetor, when HERA operated with a proton beam energy Ep = 820GeVand a positron beam energy Ee = 27:5 GeV.A detailed desription of the ZEUS detetor an be found elsewhere [21℄. A brief outlineof the omponents whih are most relevant for this analysis is given below.Charged partiles were traked in the entral traking detetor (CTD) [22℄, whih operatedin a magneti �eld of 1:43T provided by a thin superonduting oil. The CTD onsistedof 72 ylindrial drift hamber layers, organized in 9 superlayers overing the polar angle1region 15Æ < � < 164Æ. The transverse-momentum resolution for full-length traks was�(pT )=pT = 0:0058pT � 0:0065� 0:0014=pT , with pT in GeV.The high-resolution uranium�sintillator alorimeter (CAL) [23℄ onsisted of three parts:the forward (FCAL), the barrel (BCAL) and the rear (RCAL) alorimeters. Eah part wassubdivided transversely into towers and longitudinally into one eletromagneti setion(EMC) and either one (in RCAL) or two (in BCAL and FCAL) hadroni setions (HAC).The smallest subdivision of the alorimeter is 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 E in GeV.The position of the sattered positron was determined by ombining information from theCAL, the small-angle rear traking detetor [24℄ and the hadron-eletron separator [25℄.The LPS [16℄ was used during the data-taking period 1994�2000 to detet positivelyharged partiles sattered at very small angles and arrying a large fration of the longi-tudinal momentum of the inoming proton. It onsisted of 54 planes of silion mirostripdetetors grouped into six stations, S1 to S6, and loated along the outgoing proton beamline between Z = 20 m and Z = 90 m.The stations S1, S2, S3 and S4, S5, S6 an be onsidered as two independent spetrom-eters, alled s123 and s456, respetively, due to their di�erent phase-spae overage, inpartiular in azimuth. During data taking, the stations were inserted very lose to theproton beam (typially a few mm). Charged partiles inside the beampipe were de�etedby the magneti �eld of the proton-beamline magnets and measured in the LPS with a1 The ZEUS oordinate system is a right-handed Cartesian system, with the Z axis pointing in theproton beam diretion, referred to as the �forward diretion�, and the X axis pointing left towards theenter of HERA. The oordinate origin is at the nominal interation point.2



resolution better than 1% on the longitudinal momentum and of 5 MeV on the trans-verse momentum. The beam transverse momentum spread at the interation point was� 40 MeV in the horizontal plane and � 90 MeV in the vertial plane and dominated thetransverse-momentum resolution.A forward neutron alorimeter (FNC) [26℄ was installed in the HERA tunnel at � = 0Æand at Z = 106m from the interation point in the proton-beam diretion. The FNC, alead�sintillator alorimeter, had an energy resolution for hadrons �(E)=E = 0:70=pE,with E in GeV, as measured in a test beam. The alorimeter was segmented vertiallyinto 14 towers. Three planes of veto ounters were loated in front of the FNC to rejetevents in whih a partile showered in inative material along the beamline upstream ofthe FNC.The luminosity was measured from the rate of the bremsstrahlung proess ep! ep. Theresulting small-angle energeti photons were measured by the luminosity monitor [27℄, alead�sintillator alorimeter plaed in the HERA tunnel at Z = �107 m.3 Kinematis and ross setionsFigure 1 illustrates semi-inlusive leading proton prodution in ep ollisions. Four kine-mati variables are needed to desribe the reation e+p ! e+Xp. They are de�ned interms of the four-momenta of the inoming and outgoing positron, k and k0, and of theinoming and outgoing proton, P and P 0, respetively.The Lorentz-invariant kinemati variables used in inlusive studies are Q2 = �q2 =�(k � k0)2, the virtuality of the exhanged photon; x = Q2=(2P � q) and the inelastiity,y = q � P=(k � P ) ' Q2=(sx); W 2 = (P + k � k0)2 = m2p +Q2(1� x)=x, the square of thephoton-proton entre-of-mass energy. In these equations, mp is the mass of the protonand ps = 300 GeV is the e+p entre-of-mass energy. Among these variables, only two areindependent.Two additional variables are required to desribe the leading proton. They are hosen asthe momentum fration arried by the outgoing protonxL = P 0 � kP � kand its transverse momentum with respet to the diretion of the inoming proton, pT .In terms of these variables, the square of the four-momentum transfer from the targetproton is given by 3



t = (P � P 0)2 ' �p2TxL � (1� xL)2xL m2p;where the seond term is the minimum kinematially-allowed value of jtj for a given xL.The variable t is the square of the four-momentum of the exhanged partile.The di�erential ross setion for inlusive e+p! e+X sattering, in the Q2 region of thisanalysis, is written in terms of the proton struture funtion, F2(x;Q2), asd2�e+p!e+XdxdQ2 = 4��2xQ4 �1� y + y22 �F2(x;Q2)(1 + �); (1)where � is a orretion that takes into aount the ontribution of the longitudinal stru-ture funtion, FL, and of eletroweak radiative e�ets. Similarly, the di�erential rosssetion for semi-inlusive leading proton (LP) prodution an be written in terms of theleading proton struture funtion, F LP(4)2 (x;Q2; xL; p2T ), asd4�e+p!e+XpdxdQ2dxLdp2T = 4��2xQ4 �1� y + y22 �F LP(4)2 (x;Q2; xL; p2T )(1 + �LP); (2)where �LP is the analogue of �.The struture funtion F LP(4)2 (x;Q2; xL; p2T ) orresponds to the proton-to-proton fraturefuntion Mp=p2 (x;Q2; xL; p2T ) [15℄, i.e. the struture funtion of a proton probed under theondition that the target fragmentation region ontains a proton with a given xL and p2T .4 Reonstrution of the kinemati variablesIn the Q2 range of this analysis, DIS events are haraterised by the presene of a satteredpositron, mostly in RCAL. The sattered positron was reonstruted using an eletron�nder algorithm based on a neural network [28℄.The properties of the hadroni �nal state in the entral detetor were derived using theenergy �ow objets (EFOs) [29℄ reonstruted from CAL lusters and CTD traks byombining the CTD and CAL information to optimise the resolution of the reonstrutedkinemati variables. The EFOs were additionally orreted for energy loss due to inativematerial in front of the CAL.The DIS variables x, y, Q2 and W were obtained by using a weighting method [30℄, whihuses a weighted average of the values determined from the eletron [31℄ and double-angle [32℄ methods. The variable y was also reonstruted using the Jaquet-Blondel4



method [33℄, whih uses information from the hadroni �nal state to reonstrut theevent kinematis, and is denoted by yJB.The momentum p = (pX ; pY ; pZ) of the leading proton andidate was determined usingthe LPS. The variable xL was evaluated as xL = pZ=Ep and the squared transversemomentum as p2T = p2X + p2Y .5 Data sample and event seletionDuring 1997, the ZEUS detetor olleted an integrated luminosity of 27.8 pb�1. However,the experimental onditions allowed the operation of the LPS only for an integratedluminosity of 12.8 pb�1. Of this sample, 4.8 pb�1 of data were olleted with all the LPSstations. In the remaining part, only the spetrometer s456 was used.Online, a three-level trigger [34℄ was used. At the third level, the event variables werereonstruted with an auray lose to that obtained o�ine. Final detetor alibrationand full-event reonstrution were performed o�ine.Two sets of events were seleted [35℄: the inlusive DIS sample and the LPS sample. Fora fration of the inlusive DIS andidate events the trigger was presaled, thus reduingthe e�etive integrated luminosity of the inlusive DIS sample to 1 pb�1. The seletionof the LPS sample was performed with a dediated LPS trigger.The presene of a good positron andidate in the CAL was required in the trigger hainused to selet the inlusive DIS sample. In addition, the following onditions were applied:� jZvtxj < 50 m, where Zvtx is the Z oordinate of the event vertex. This ut is neededto remove bakground due to proton beam-gas interations and osmi rays;� energy of the sattered positron E 0e > 10 GeV. The positron position was required tobe outside the region lose to the rear beampipe hole, where the presene of inativematerial redued the preision of the energy measurement;� the quantity E � PZ , where the energy E and the longitudinal momentum PZ aresummed over all the EFOs and the sattered positron, in the range 38 < E�PZ < 65GeV, to exlude bakground from photoprodution, proton beam-gas interations andosmi rays;� yJB > 0:03 in order to ensure hadroni ativity away from the forward diretion.The following uts de�ne the kinemati region:� Q2 > 3 GeV2, to selet DIS events with large virtuality of the exhanged photon;� 45 < W < 225 GeV, to ensure a wide kinemati overage of the hadroni system.5



The number of events that passed the inlusive DIS seletion uts was 145447.The LPS sample was seleted as the DIS sample, but requiring in addition the LPS triggerand the following onditions:� a reonstruted trak in the LPS with p2T < 0:5 GeV2 and xL > 0:32. To reduethe sensitivity of the LPS aeptane due to the unertainties of the loation of thebeampipe elements, a ut was applied to the minimum distane, �pipe, between thetrak and the beampipe requiring�pipe > 0:04 (0.25) m for s456 (s123). The seletionof traks with �pot > 0:02 m, where �pot is the minimum distane of the trak fromthe edge of any LPS detetor, ensured that the traks were well within the ativeregions of the silion detetors;� the sum of the energy and the longitudinal momentum of both the energy deposits inthe CAL and the partile deteted in the LPS, E+PZ , was required to be smaller than1655 GeV; this ut rejeted most of the random overlays of DIS events with protonsfrom the beam-halo or from a proton beam-gas ollision (see Setion 8).A total of 73275 events survived the above seletion riteria, of whih 6008 had a trakin s123 and 67267 had a trak in s456.6 Monte Carlo simulationTo determine the aeptane of the apparatus, inlusive DIS events with Q2 > 0:5 GeV2were generated usingDjangoh [37℄, whih is interfaed to Herales [38℄ for eletroweakradiative e�ets. In order to study the migration of events from low Q2, a sample ofphotoprodution events with Q2 < 0:5 GeV2 was generated with Pythia [39℄. In theMC samples, the hadroni �nal state was generated using the Matrix Element PartonShower model (MEPS) [40℄ for QCD radiation and Jetset [41℄ for hadronisation. Thedi�rative events inDjangoh were generated using the soft-olour-interation mehanism(SCI) [14℄.All MC events were passed through the standard simulation of the ZEUS detetor, basedon Geant 3.13 [42℄, and trigger and through the same reonstrution and analysis pro-grams as the data. The simulation inluded the geometry of the beampipe apertures, themagneti �eld along the leading proton trajetory and the proton-beam emittane.To obtain a good desription of the data, it was neessary to reweight the leading protonxL and p2T distributions generated by the MC [35, 43℄; the fration of di�rative eventswith respet to the total was also reweighted in bins of xL. In partiular, the slopeof the exponential p2T distribution, ranging from 2.5 to 4.5 GeV�2, was inreased by aonstant value �b = 3:4 GeV�2 and the xL spetrum was reweighted to a �at distribution6



below the di�rative peak. The reweighting parameters were hosen aording to previousmeasurements [7℄. The reweighting preserved the total MC ross setion.For the LPS sample, the omparison between the data and the sum of the reweighted MCsamples (Djangoh and Pythia), for the DIS variables and the LPS spei� variables,is shown in Figs. 2 and 3. The agreement is generally good. The LPS variable �pipe isnot perfetly reprodued by the reweighted MC, but the seletion ut applied is far fromthe region in whih the disagreement is observed.7 AeptaneThe aeptane was de�ned as the ratio of the number of reonstruted events in a binto the number of generated events in that bin. This de�nition inludes the e�ets ofthe geometrial aeptane of the apparatus, its e�ieny and resolution, and the eventseletion e�ieny. Figure 4 shows the aeptanes of the LPS station ombinations s123and s456 as a funtion of xL and p2T . The maximum aeptane is 10% in the region0:63 < xL < 0:65, 0:05 < p2T < 0:1 GeV2 for the spetrometer s123 and 52% in the region0:77 < xL < 0:8, p2T < 0:05 GeV2 for the spetrometer s456.The analysis bins were hosen aording to the LPS aeptane, resolution (see Setion 2)and available statistis.For ompleteness, also shown in Fig. 4 are the three regions of p2T used for the ross-setionmeasurements.8 Bakground studiesThe LPS data sample ontains three bakground ontributions,� non-baryon ontributions;� overlay events;� misidenti�ed low-Q2 bakground.The LPS had no partile identi�ation apability, but MC studies indiate that most high-xL partiles in the LPS are protons. The MC expetations were tested with a subsampleof LPS-tagged events where a neutron andidate was found in the FNC [36℄. The neutronandidate was required to have a minimum energy deposit of 50 GeV and the total E+PZof the event, inluding the neutron, was required to be below 1750 GeV. A total of 47events were found. For this lass of events the trak in the LPS is most likely either a �+7



or a K+. Figure 5a shows the ratio �FNC of the number of events with a trak in the LPSand a neutron andidate in the FNC to the number of events with a trak in the LPS.The reweighted MC desribes the data well and therefore an be used to subtrat thebakground. The fration R of events with a positive meson reonstruted in the LPS,evaluated with the reweighted MC, is shown in Fig. 5b as a funtion of xL. The frationR in the MC was found to be independent of p2T . It is substantial at low xL and fallsbelow 10% above xL � 0:6. This ontribution was subtrated.The E + PZ spetrum for the beam-halo events was onstruted as a ombination ofgeneri DIS events and a beam-halo trak reonstruted in the LPS in randomly triggeredevents. The E+PZ distribution was normalised to the data for E+PZ > 1685 GeV, whihmainly ontain beam-halo events. The bakground remaining after the E + PZ < 1655GeV ut was negligible for xL < 0:9, and reahed (8� 3)% for xL > 0:98. The expetedfration of overlay events was subtrated.The aeptane orretions were alulated using the reweighted MC generated with Q2 >2 GeV2. The ontribution of events whih migrate from the region Q2 < 2 GeV2 was foundto be independent of xL and p2T and equal to (7:3� 0:5)%; it was subtrated.9 Systemati studiesThe systemati unertainties were alulated by varying the uts and by modifying theanalysis proedure. The stability of the DIS seletion was heked by varying the seletionuts,� the jZvtxj ut was varied by �10 m;� the ut on the sattered positron energy was varied by � 2 GeV and the width of the�duial region in the rear alorimeter was varied by 0.5 m in the X and Y diretions;� the E � PZ ut was hanged to 35 < E � PZ < 68 GeV and 41 < E � PZ < 62 GeV;� the yJB ut was raised to 0.04.The observed hanges in the ross setion were below 1% and negleted. The variation inthe LPS seletion of the �pipe threshold by � 0.03 m and the �pot threshold by � 0.01led to negligible hanges in the ross setion (<1%).The following heks resulted in non-negligible systemati unertainties of the ross setion(the mean value is given in brakets):� the reweighting parameter �b was varied by �0:9 GeV�2, ompatible with the spreadof b versus xL (+6:8%�5:9%); 8



� the subtrated fration of bakground from �+ and K+ reonstruted in the LPS wasvaried by the statistial unertainty derived from the LPS-FNC data (see Fig. 5) (+1:7%�1:7%for xL < 0:7);� the fration of overlay events to be subtrated from the data was inreased and de-reased by its statistial unertainty (+2:0%�2:0% for xL > 0:9);� the unertainty on the beam optis was evaluated by varying the transverse momentumspread of the proton beam in the MC by �10% [17℄ and led to a hange of typially�1:4%. In addition, the positions of the LPS stations were varied to re�et the atualposition of the stations during the data-taking period. This was done beause, in thesimulation, the MC assumes only one average position (+2:5%�1:8%). In the di�rative regionthe unertainty related to the beam optis inreased to �10%.The resulting total systemati unertainty, obtained by adding in quadrature all the in-dividual systemati unertainties (ombining positive and negative ontributions sepa-rately), exluding an overall normalisation unertainty of 2% from the luminosity mea-surement, is shown in the �gures as an error band, that inludes both a orrelated andan unorrelated omponent.10 ResultsAll measurements were performed separately with the s123 and s456 spetrometers, andwere then ombined in a weighted average, using only statistial unertainties. Thisproedure was repeated for every systemati hek. Some measurements are presentedas normalised to the inlusive DIS ross setion, �in, determined from the inlusive DISsample desribed in Setion 5. All ross-setion measurements are averaged over a givenbin and quoted at the mean value of the variable in that bin. The measurements forxL > 0:93 are presented here in a di�erent kinemati domain than those previouslypublished [17℄.10.1 Transverse-momentum spetra and p2T slopesThe double-di�erential ross-setion d2�LP=dxLdp2T as a funtion of p2T in bins of xL ispresented in Fig. 6 and given in Table 1. The results obtained with the s123 and s456spetrometers are shown separately. Within the unorrelated unertainties, the two sam-ples lead to onsistent results. The lines shown in Fig. 6 represent the results of a �t ofan exponential funtion A � e�bp2T to the ombined ross-setion d2�LP=dxLdp2T . The bandshows the statistial unertainty of the �t. The slopes are presented as a funtion of xL9



in Fig. 7 and given in Table 2. The slopes show no strong dependene on xL. The meanvalue of the slopes is hbi = 6:76� 0:07(stat:)+0:63�0:52(syst:) GeV�2. The measurements of thep2T slopes at hQ2i = 5:1 GeV2 and hQ2i = 30:1 GeV2, in the range 45 < W < 225 GeV,where xL bins were ombined, are presented in Fig. 8 and given in Table 3. Also shownare the ZEUS 1994 data [16℄ in the range Q2 < 0:02 GeV2 and 176 < W < 225 GeV andthe ZEUS 1995 [7℄ data in the range 0:1 < Q2 < 0:74 GeV2 and 85 < W < 258 GeV. Thep2T slopes are independent of the virtuality of the exhanged photon.10.2 Longitudinal momentum spetraThe ross setion as a funtion of xL has been measured in three bins of p2T : 0 < p2T < 0:04,0:04 < p2T < 0:15 and 0:15 < p2T < 0:5 GeV2. The leading proton prodution rate,1=�in � d�LP=dxL, for the three p2T ranges is shown in Fig. 9 and listed in Table 4. Due tothe LPS aeptane, the aessible xL range hanges as a funtion of p2T , as seen in the�gure. The rate as a funtion of xL is approximately �at up to the di�rative peak, whereit inreases by a fator of about six. This behaviour of the ross setion as a funtion ofxL is essentially independent of p2T .Sine, as disussed in the previous setion, also the p2T slopes are independent of xL, theross setion as a funtion of xL an be extrapolated to the full xL > 0:32 and p2T < 0:5GeV2 range. The measurement of 1=�in � d�LP=dxL as a funtion of xL, extrapolated tothe full p2T < 0:5 GeV2 range is shown in Fig. 10 and given in Table 5. For omparison, theZEUS 1995 data [7℄ with lower Q2 are also shown. The two measurements are onsistent.For p2T < 0:04 GeV2, the measurement of 1=�in � d�LP=dxL an also be ompared toprevious measurements in the photoprodution regime (Q2 < 0:02 GeV2) [7℄. The om-parison is shown in Fig. 11. Due to the low p2T values, the di�rative peak is not aessible(see Fig. 4). The photoprodution data tend to lie systematially below the higher-Q2measurement, though within unertainties the results are onsistent.10.3 Ratios of leading proton prodution to inlusive DIS yieldsThe rate of leading proton prodution, rLP(3)(x;Q2; xL), in e+p sattering was determinedaording to rLP(3)(x;Q2; xL) = NLPS(x;Q2; xL)NDIS(x;Q2) ADISALPS LDISLLPS 1�xL ; (3)where NLPS(x;Q2; xL) is the number of events orresponding to an integrated luminosity,LLPS, with a proton andidate in the LPS in a given (x;Q2; xL) bin and integrated over10



0 < p2T < 0:5 GeV2, and NDIS(x;Q2) is the number of DIS events orresponding to anintegrated luminosity, LDIS, in that (x;Q2) bin. The aeptane ADIS was estimated byapplying only the DIS seletion uts and ALPS is the aeptane of the LPS sample. Thevariable �xL is the size of the xL bin.The ratio rLP(3) as a funtion of xL in bins of x and Q2 is shown in Fig. 12 and givenin Table 6. The xL range of the measurement is limited to 0:32 < xL < 0:92, as detailedstudies of the di�ration region were presented elsewhere [17℄. The ratio rLP(3) has alsobeen measured in the three ranges of p2T and the values are given in Tables 7, 8 and 9.The rLP(3) values are approximately onstant over the kinemati range of this analysis,independent of the p2T range.The rate of leading proton prodution as a funtion of x and Q2, integrated over 0:32 <xL < 0:92 and p2T < 0:5 GeV2, rLP(2)(x;Q2), is shown in Fig. 13 and given in Table 10.The ratio rLP(2) is approximately onstant as a funtion of x and of Q2. The mean valuehrLP(2)i = 0:240�0:001(stat:)+0:020�0:018(syst:) means that approximately 24% of inlusive DISevents have a leading proton in the range 0:32 < xL < 0:92 with p2T < 0:5 GeV2.The ratio hrLP(2)i averaged over x as a funtion of Q2 is shown in Fig. 14 and givenin Table 11, in the range 0:32 < xL < 0:92, p2T < 0:5 GeV2 and 45 < W < 225 GeV.A mild inrease with Q2 annot be exluded. To further investigate the Q2 dependene,the rates integrated over 0:6 < xL < 0:97 an be ompared to the equivalent rates forhQ2i = 0:29 GeV2 measured by the ZEUS ollaboration previously [7℄. The result is shownin Fig. 14 and inluded in Table 11. Assuming that the systemati unertainties have asimilar origin, dominated by the LPS aeptane, a steady rise with Q2 is observed. Asimilar e�et was observed in leading neutron prodution [36℄, where it was attributed toabsorption and resattering e�ets [44℄, whih disappear when the transverse size of thevirtual photon dereases with inreasing Q2.10.4 The leading proton struture funtionsThe ratio rLP(2) an be expressed as the ratio of F LP(2)2 to F2,rLP(2)(x;Q2) = F LP(2)2 (x;Q2)F2(x;Q2) ; (4)where F LP(2)2 is obtained from F LP(4)2 by integrating over xL and p2T . Therefore, thevalues of F LP(2)2 an be obtained from the measured rLP(2) and F2. The values of F2 wereobtained from the NLO ZEUS-S �t parameterisation of the parton distribution funtionsof the proton [45℄. 11



The struture-funtion F LP(2)2 is presented in Fig. 15, plotted as a funtion of x at �xedQ2 values for 0:32 < xL < 0:92, p2T < 0:5 GeV2 and given in Table 12. The urves in theplot show the F2 parameterisation saled by the average value hrLP(2)i = 0:24 and thebands represent the one-standard-deviation limits of the NLO ZEUS-S parameterisation.A very good desription of F LP(2)2 is obtained, as expeted from the approximate x andQ2 independene of rLP(2).10.5 Comparison to leading neutronsThe rate of leading proton prodution for p2T <0.04 GeV2 an be ompared to the reentZEUS measurement of leading neutrons [36℄. The omparison is shown in Fig. 16. Inthe range 0:32 < xL < 0:92, there are approximately twie as many protons as neutrons.This is onsistent with the additive quark model [46℄, in whih the probabilities to havea proton or a neutron in the �nal state are 2/3 and 1/3, respetively. In a partileexhange model, the exhange of isovetor partiles would result in half as many protonsas neutrons. Thus, exhange of isosalars must be invoked to aount for the observedproton rate [13℄. This ontribution is likely also to explain the di�erent behaviour of therates at large xL.The slopes of the p2T distributions for leading protons and neutrons are shown in Fig. 17.Although the p2T and Q2 ranges are di�erent, the two samples have similar values of b inthe region 0:65 < xL < 0:8, where pion exhange is expeted to dominate the produtionmehanism [13℄.10.6 Comparison to modelsThe preditions of the model of Szzurek et al. [13℄ are ompared to the leading protonprodution rate 1=�in�d�LP=dxL and the p2T slopes in Fig. 18. In this model, leading protonprodution for 0:6 < xL < 0:9 is dominated by isosalar Reggeon exhange. Di�rativeproesses due to Pomeron exhange beome inreasingly important as xL approahesunity. The ontribution of pion exhange plays an important role in the medium xLrange. The model desribes the shape of the longitudinal momentum spetrum and ofthe p2T slopes reasonably well. The normalisation of the Reggeon ontribution, whihhas a large theoretial unertainty [13℄, may be onstrained by this measurement. Themodel does not inlude absorptive orretions and resattering e�ets [44℄, sine they areexpeted to be small in DIS regime.In Fig. 19, various DIS Monte Carlo models are ompared to the experimental data.The predition of Djangoh [37℄ with SCI [40℄ and Rapgap [47℄ are ompared to the12



leading proton prodution rate 1=�in � d�LP=dxL and to the p2T slopes. In both MCmodels, the QCD radiation was performed either by the parton shower [40℄ or olourdipole (CDM) [48℄ models. None of the DIS Monte Carlo models an reprodue the �atdependene of xL below the di�rative peak. The MC generator Djangoh, with SCI andMEPS, reprodues quite well the dependene of b on xL, although the mean values of theslope are lower than those measured. In the other MC models, the value of the slope isonsistent with the measurements only at high xL.11 SummaryThe ross setion of leading proton prodution for xL > 0:32 and p2T < 0:5 GeV2 and itsratio to the inlusive DIS ross setion have been measured in the range Q2 > 3 GeV2and 45 < W < 225 GeV, with 12.8 pb�1 olleted during 1997 with the ZEUS leadingproton spetrometer. The leading proton prodution ross setion as a funtion of p2T fallsexponentially with a mean slope hbi = 6:76�0:07(stat:)+0:63�0:52(syst:) GeV�2, approximatelyindependent of xL and of the photon virtuality, Q2. Below the di�rative peak, the xLdistribution is �at, independent of p2T and Q2.The ratios of leading proton prodution to the inlusive DIS yields, rLP(2) and rLP(3), showno strong dependene on x or Q2. In the range 0:32 < xL < 0:92 and p2T < 0:5 GeV2,approximately 24% of DIS events have a leading proton. The ratio hrLP(2)i averagedover x rises very slowly with Q2 in the DIS regime. This trend is further on�rmedby measurements at lower Q2. The dependene of the leading proton struture-funtionF LP(2)2 on x and Q2 is approximately the same as that of F2.The yield of leading protons in DIS is almost twie that of leading neutrons. The p2T slopeshave a di�erent dependene on xL, but are ompatible in the range 0:65 < xL < 0:8, wherepion exhange is dominant.The main features of the experimental data are reprodued by a Regge-inspired model.The results of this study are an important ingredient for modelling leading partile pro-dution in hadron-hadron interations, whih is not properly reprodued by existing gen-erators.AknowledgmentsWe thank the DESY Diretorate for their enouragement, and gratefully aknowledgethe support of the DESY omputing and network servies. We are speially gratefulto the HERA mahine group: ollaboration with them was ruial for the suessful13
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xL range p2T range d2�LP=dxLdp2T d2�LP=dxLdp2T d2�LP=dxLdp2T(GeV2) s123 (nb/GeV2) s456 (nb/GeV2) Combined (nb/GeV2)0.32-0.38 0.00-0.05 467 � 40+49�53 467 � 40+49�530.05-0.10 387� 68+45�161 387� 68+45�1610.38-0.44 0.00-0.05 367 � 28+32�22 502� 41+42�83 409 � 23+28�310.05-0.10 349 � 46+35�57 349 � 46+35�570.44-0.50 0.00-0.05 362 � 25+18�40 469� 25+46�49 415 � 18+20�360.05-0.10 332 � 40+19�38 332 � 40+19�380.10-0.15 165 � 44+22�51 165 � 44+22�510.50-0.56 0.00-0.05 403 � 26+21�26 463 � 22+128�14 437 � 17+44�120.05-0.10 317 � 33+51�17 298� 19+52�16 303 � 17+41�120.10-0.15 219 � 47+40�13 219 � 47+40�130.56-0.62 0.00-0.05 460 � 33+22�70 463� 19+30�26 462 � 16+20�310.05-0.10 303 � 27+29�25 306� 16+16�30 305 � 13+16�230.10-0.15 178 � 35+42�14 210� 17+8�46 204 � 15+7�360.15-0.20 136� 22+40�11 136 � 22+40�110.62-0.65 0.00-0.05 410 � 53+28�56 463� 20+19�17 456 � 19+17�190.05-0.10 296 � 29+18�12 324� 31+16�51 309 � 21+12�220.10-0.15 189 � 43+19�51 187� 16+13�16 187 � 15+12�180.15-0.20 148� 17+8�27 148 � 17+8�270.20-0.25 134� 22+8�42 134 � 22+8�420.65-0.68 0.00-0.05 421 � 74+64�71 464� 16+27�16 462 � 16+27�170.05-0.10 320 � 29+17�43 297� 33+24�66 310 � 22+15�520.10-0.15 181 � 36+81�19 298 � 37+20�131 238 � 26+11�280.15-0.20 118� 13+42�6 118 � 13+42�60.20-0.25 119� 16+18�6 119 � 16+18�60.25-0.35 87 � 12+7�15 87� 12+7�15Table 1: The double-di�erential ross-setion d2�LP=dxLdp2T as a funtion of xLand p2T , separately measured with the spetrometers s123 and s456 and the ombinedresult. Statistial unertainties are listed �rst, followed by systemati unertainties.
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Table 1 (ont.)xL range p2T range d2�LP=dxLdp2T d2�LP=dxLdp2T d2�LP=dxLdp2T(GeV2) s123 (nb/GeV2) s456 (nb/GeV2) Combined (nb/GeV2)0.68-0.71 0.00-0.05 253� 85+27�134 500 � 15+17�17 493 � 15+16�280.05-0.10 320 � 29+22�42 366 � 41+24�138 335 � 24+17�740.10-0.15 184 � 31+57�17 259 � 47+39�55 207 � 26+47�150.15-0.20 92� 41+40�74 155 � 24+40�11 139 � 21+33�450.20-0.25 103 � 16+32�7 103 � 16+32�70.25-0.35 85� 10+6�4 85� 10+6�40.35-0.50 44� 9+4�9 44� 9+4�90.71-0.74 0.00-0.05 472 � 12+28�13 472 � 12+28�130.05-0.10 279 � 27+59�16 255 � 24+51�42 266 � 18+49�240.10-0.15 217 � 33+24�38 130 � 33+85�16 173 � 23+52�150.15-0.20 114 � 43+34�58 250 � 66+51�133 154 � 36+25�690.20-0.25 116 � 27+55�15 62� 19+55�150.25-0.35 86� 16+11�25 86� 16+11�250.35-0.50 27� 5+2�2 27� 5+2�20.74-0.77 0.00-0.05 467 � 10+9�28 467 � 10+9�280.05-0.10 250 � 30+51�32 325 � 21+42�14 300 � 17+42�150.10-0.15 234 � 30+53�6 199 � 40+33�19 222 � 24+40�70.15-0.20 108 � 35+38�31 108 � 35+38�310.20-0.25 152 � 52+18�84 152 � 52+18�840.25-0.35 121 � 34+9�80 121 � 34+9�800.35-0.50 8� 4+11�1 8� 4+11�10.77-0.80 0.00-0.05 452 � 10+10�17 452 � 10+10�170.05-0.10 248 � 39+30�27 297 � 14+13�38 292 � 13+13�350.10-0.15 196 � 23+97�7 241 � 20+50�9 222 � 15+62�50.15-0.20 198 � 48+40�39 203 � 32+97�9 201 � 27+56�130.20-0.25 168 � 54+58�46 168 � 54+58�460.80-0.83 0.00-0.05 451 � 10+9�19 451 � 10+9�190.05-0.10 353� 74+16�117 266 � 11+18�8 268 � 11+18�90.10-0.15 197 � 25+33�14 210 � 14+7�16 207 � 12+5�130.15-0.20 84� 23+25�13 178 � 17+5�75 147 � 14+9�330.20-0.25 73� 32+68�52 136 � 16+9�33 123 � 15+22�45
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Table 1 (ont.)xL range p2T range d2�LP=dxLdp2T d2�LP=dxLdp2T d2�LP=dxLdp2T(GeV2) s123 (nb/GeV2) s456 (nb/GeV2) Combined (nb/GeV2)0.25-0.35 98 � 14+22�7 98� 14+22�70.83-0.86 0.00-0.05 434� 10+13�19 434 � 10+13�190.05-0.10 295� 12+8�33 295 � 12+8�330.10-0.15 184 � 24+79�10 207� 13+20�13 202 � 11+17�50.15-0.20 190 � 37+33�59 169� 15+5�39 172 � 14+5�390.20-0.25 50� 20+22�21 127� 14+33�7 102 � 11+30�190.25-0.35 122� 14+7�36 122 � 14+7�360.35-0.50 49� 8+12�6 49� 8+12�60.86-0.89 0.00-0.05 467� 13+24�18 467 � 13+24�180.05-0.10 309� 12+22�20 309 � 12+22�200.10-0.15 247 � 36+44�29 232� 14+8�20 234 � 13+7�190.15-0.20 196 � 32+23�43 180� 15+6�35 183 � 14+6�360.20-0.25 115 � 34+55�24 136� 14+21�16 133 � 13+20�160.25-0.35 24� 16+8�4 81� 8+15�11 69� 7+24�60.35-0.50 43� 6+8�5 43� 6+8�50.89-0.92 0.00-0.05 481� 19+24�19 481 � 19+24�190.05-0.10 315� 13+16�10 315 � 13+16�100.10-0.15 262 � 47+68�78 228� 14+18�21 231 � 13+15�240.15-0.20 172 � 27+28�44 175� 14+22�10 174 � 12+14�110.20-0.25 97� 27+58�18 133� 13+18�19 126 � 12+15�110.25-0.35 37� 19+18�11 69� 7+7�5 65� 6+6�50.35-0.50 39� 5+6�5 39� 5+6�50.92-0.95 0.00-0.05 820 � 145+124�432 820� 145+124�4320.05-0.10 235� 14+54�8 235 � 14+54�80.10-0.15 221� 58+212�36 182� 14+48�22 184 � 13+45�210.15-0.20 138 � 21+47�11 156� 14+33�13 150 � 12+30�90.20-0.25 92� 22+38�10 114� 13+17�20 109 � 11+15�110.25-0.35 39� 15+9�18 83� 9+16�12 72� 8+6�130.35-0.50 36� 5+16�4 36� 5+16�40.95-0.98 0.05-0.10 423 � 35+63�116 423� 35+63�1160.10-0.15 328� 30+84�10 328 � 30+84�100.15-0.20 280 � 39+57�16 250 � 32+142�5 262 � 25+90�10.20-0.25 254� 46+5�116 197� 32+60�6 215 � 26+30�260.25-0.35 50� 17+18�30 190� 34+60�72 77� 15+19�4420



Table 1 (ont.)xL range p2T range d2�LP=dxLdp2T d2�LP=dxLdp2T d2�LP=dxLdp2T(GeV2) s123 (nb/GeV2) s456 (nb/GeV2) Combined (nb/GeV2)0.98-1.00 0.05-0.10 2788 � 180+466�304 2788 � 180+466�3040.10-0.15 1423 � 90+188�131 1423 � 90+188�1310.15-0.20 1218 � 160+182�214 1012 � 89+132�133 1061 � 78+85�1180.20-0.25 574� 81+166�35 848 � 93+186�41 693� 61+174�160.25-0.35 231� 54+116�13 588 � 69+39�93 367� 42+147�26
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xL range b (GeV�2)0.50 - 0.56 6:98+1:11�1:06+2:99�1:530.56 - 0.62 8:49+0:47�0:51+2:18�1:320.62 - 0.65 7:36+0:34�0:38+1:12�0:540.65 - 0.68 6:83+0:26�0:26+0:78�0:380.68 - 0.71 7:01+0:21�0:21+0:15�0:510.71 - 0.74 7:43+0:26�0:26+0:63�0:380.74 - 0.77 7:48+0:38�0:38+1:23�1:000.77 - 0.80 6:82+0:30�0:34+0:90�1:240.80 - 0.83 6:54+0:21�0:21+0:52�0:400.83 - 0.86 5:88+0:17�0:17+0:75�0:180.86 - 0.89 6:82+0:17�0:17+0:82�0:640.89 - 0.92 7:22+0:21�0:21+0:72�0:750.92 - 0.95 6:00+0:26�0:26+0:48�1:370.95 - 0.98 4:45+0:47�0:47+1:69�0:880.98 - 1.00 8:31+0:34�0:38+1:05�0:91Table 2: The p2T -slope, b, of the ross-setion d2�LP=dxLdp2T , as de�ned by the pa-rameterisation A�e�b�p2T and obtained from a �t to the data in bins of xL. Statistialunertainties are listed �rst, followed by systemati unertainties.
xL range b (GeV�2)hQ2i = 5:1 GeV2 hQ2i = 30:6 GeV20.5 - 0.65 6:90+0:38�0:43+1:34�0:18 7:97+0:43�0:38+1:06�0:390.65 - 0.8 7:00+0:17�0:17+0:20�0:21 7:13+0:17�0:17+0:16�0:310.8 - 0.92 7:29+0:13�0:17+0:15�0:49 6:10+0:13�0:13+0:64�0:040.92 - 1.0 6:74+0:26�0:30+0:28�0:33 6:06+0:30�0:30+0:66�0:36Table 3: The p2T -slope, b, of the ross-setion d2�LP=dxLdp2T , as de�ned by theparameterisation A�e�b�p2T and obtained from a �t to the data in bins of xL, measuredin two ranges of Q2. Statistial unertainties are listed �rst, followed by systematiunertainties.
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xL range 1=�in � d�LP=dxL0 < p2T < 0:04 GeV2 0:04 < p2T < 0:15 GeV2 0:15 < p2T < 0:5 GeV20.32 - 0.38 0:091� 0:008+0:009�0:0130.38 - 0.44 0:082� 0:004+0:005�0:008 0:156� 0:016+0:013�0:0240.44 - 0.50 0:086� 0:004+0:003�0:010 0:144� 0:013+0:005�0:0210.50 - 0.56 0:091� 0:004+0:004�0:006 0:140� 0:006+0:026�0:0080.56 - 0.62 0:097� 0:004+0:002�0:010 0:143� 0:004+0:004�0:0140.62 - 0.68 0:096� 0:003+0:003�0:005 0:142� 0:005+0:002�0:021 0:126� 0:007+0:010�0:0110.68 - 0.74 0:100� 0:002+0:003�0:005 0:141� 0:005+0:004�0:012 0:138� 0:008+0:008�0:0090.74 - 0.80 0:094� 0:001+0:000�0:007 0:145� 0:003+0:003�0:006 0:155� 0:015+0:010�0:0150.80 - 0.86 0:091� 0:001+0:001�0:005 0:139� 0:003+0:001�0:008 0:146� 0:005+0:010�0:0230.86 - 0.92 0:099� 0:002+0:002�0:007 0:154� 0:003+0:005�0:007 0:143� 0:004+0:011�0:0140.92 - 0.98 0:167� 0:006+0:020�0:015 0:179� 0:007+0:021�0:0130.97 - 1.00 1:126� 0:047+0:113�0:092 0:816� 0:036+0:088�0:055Table 4: The leading proton prodution rate, 1=�in � d�LP=dxL, as a funtion ofxL measured in three ranges of p2T . Statistial unertainties are listed �rst, followedby systemati unertainties.
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xL range 1=�in � d�LP=dxL0.32 - 0.38 0:372� 0:026+0:046�0:0620.38 - 0.44 0:309� 0:018+0:037�0:0370.44 - 0.50 0:339� 0:012+0:033�0:0440.50 - 0.56 0:358� 0:010+0:047�0:0300.56 - 0.62 0:371� 0:009+0:029�0:0390.62 - 0.65 0:371� 0:011+0:025�0:0370.65 - 0.68 0:385� 0:010+0:027�0:0310.68 - 0.71 0:418� 0:010+0:030�0:0370.71 - 0.74 0:398� 0:009+0:039�0:0360.74 - 0.77 0:408� 0:008+0:038�0:0390.77 - 0.80 0:398� 0:007+0:036�0:0370.80 - 0.83 0:376� 0:006+0:029�0:0350.83 - 0.86 0:382� 0:006+0:026�0:0330.86 - 0.89 0:405� 0:007+0:024�0:0300.89 - 0.92 0:395� 0:008+0:019�0:0260.92 - 0.95 0:325� 0:010+0:044�0:0160.95 - 0.98 0:562� 0:023+0:058�0:0490.98 - 1.00 2:478� 0:076+0:235�0:136Table 5: The leading proton prodution rate, 1=�in � d�LP=dxL, as a funtion ofxL measured in the region p2T < 0:5 GeV 2. Statistial unertainties are listed �rst,followed by systemati unertainties.
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hxi hQ2i (GeV2) xL range rLP(3)9:6 � 10�5 4.2 0.32 - 0.42 0:365 � 0:086+0:066�0:1680.42 - 0.52 0:268 � 0:040+0:085�0:0410.52 - 0.62 0:391 � 0:041+0:050�0:0480.62 - 0.72 0:338 � 0:026+0:058�0:0250.72 - 0.72 0:378 � 0:024+0:050�0:0490.82 - 0.72 0:458 � 0:027+0:032�0:0761:7 � 10�4 4.2 0.32 - 0.42 0:414 � 0:063+0:050�0:1350.42 - 0.52 0:310 � 0:032+0:039�0:0290.52 - 0.62 0:370 � 0:026+0:037�0:0360.62 - 0.72 0:366 � 0:019+0:028�0:0350.72 - 0.82 0:390 � 0:015+0:039�0:0340.82 - 0.92 0:378 � 0:014+0:026�0:0363:5 � 10�4 4.2 0.32 - 0.42 0:351 � 0:061+0:047�0:0620.42 - 0.52 0:269 � 0:029+0:055�0:0280.52 - 0.62 0:354 � 0:025+0:067�0:0290.62 - 0.72 0:406 � 0:022+0:030�0:0630.72 - 0.82 0:405 � 0:017+0:040�0:0380.82 - 0.92 0:364 � 0:014+0:023�0:0296:9 � 10�4 4.2 0.32 - 0.42 0:275 � 0:057+0:063�0:0470.42 - 0.52 0:308 � 0:035+0:038�0:0310.52 - 0.62 0:339 � 0:027+0:045�0:0340.62 - 0.72 0:326 � 0:020+0:026�0:0270.72 - 0.82 0:400 � 0:018+0:063�0:0310.82 - 0.92 0:403 � 0:017+0:030�0:0701:46 � 10�3 4.2 0.32 - 0.42 0:272 � 0:083+0:040�0:0820.42 - 0.52 0:268 � 0:045+0:066�0:0350.52 - 0.62 0:285 � 0:038+0:047�0:0390.62 - 0.72 0:355 � 0:029+0:041�0:0230.72 - 0.82 0:362 � 0:022+0:057�0:0460.82 - 0.92 0:359 � 0:021+0:025�0:034Table 6: The leading proton prodution rate, rLP(3), measured as a funtion of xLfor protons with p2T < 0:5 GeV 2, in bins of x and Q2, with averages hxi and hQ2i.Statistial unertainties are listed �rst, followed by systemati unertainties.
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Table 6 (ont.)hxi hQ2i (GeV2) xL range rLP(3)1:9 � 10�4 7.3 0.32 - 0.42 0:314 � 0:084+0:087�0:0550.42 - 0.52 0:430 � 0:061+0:065�0:1220.52 - 0.62 0:299 � 0:031+0:049�0:0270.62 - 0.72 0:355 � 0:027+0:041�0:0290.72 - 0.82 0:382 � 0:024+0:039�0:0420.82 - 0.92 0:383 � 0:022+0:028�0:0833:4 � 10�4 7.3 0.32 - 0.42 0:340 � 0:076+0:062�0:0750.42 - 0.52 0:360 � 0:044+0:040�0:0620.52 - 0.62 0:369 � 0:032+0:044�0:0290.62 - 0.72 0:347 � 0:022+0:030�0:0380.72 - 0.82 0:374 � 0:019+0:037�0:0330.82 - 0.92 0:359 � 0:016+0:037�0:0206:9 � 10�4 7.3 0.32 - 0.42 0:392 � 0:081+0:056�0:1020.42 - 0.52 0:261 � 0:038+0:029�0:0860.52 - 0.62 0:372 � 0:034+0:048�0:0280.62 - 0.72 0:363 � 0:025+0:028�0:0470.72 - 0.82 0:385 � 0:020+0:034�0:0400.82 - 0.92 0:388 � 0:019+0:027�0:0371:36 � 10�3 7.3 0.32 - 0.42 0:275 � 0:062+0:106�0:0610.42 - 0.52 0:401 � 0:056+0:050�0:0880.52 - 0.62 0:393 � 0:039+0:043�0:0350.62 - 0.72 0:448 � 0:032+0:042�0:0570.72 - 0.82 0:394 � 0:021+0:042�0:0430.82 - 0.92 0:389 � 0:020+0:033�0:0252:67 � 10�3 7.3 0.32 - 0.47 0:290 � 0:097+0:034�0:1120.47 - 0.62 0:442 � 0:086+0:092�0:1590.62 - 0.77 0:449 � 0:050+0:094�0:0460.77 - 0.92 0:398 � 0:033+0:049�0:0542:6 � 10�4 11 0.32 - 0.47 0:349 � 0:078+0:042�0:1280.47 - 0.62 0:285 � 0:034+0:111�0:0230.62 - 0.77 0:485 � 0:037+0:041�0:0740.77 - 0.92 0:371 � 0:021+0:033�0:024
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Table 6 (ont.)hxi hQ2i (GeV2) xL range rLP(3)4:6 � 10�4 11 0.32 - 0.42 0:482 � 0:097+0:067�0:1620.42 - 0.52 0:285 � 0:036+0:037�0:0390.52 - 0.62 0:370 � 0:031+0:064�0:0330.62 - 0.72 0:435 � 0:028+0:034�0:0540.72 - 0.82 0:386 � 0:019+0:051�0:0300.82 - 0.92 0:365 � 0:016+0:049�0:0189:2 � 10�4 11 0.32 - 0.42 0:418 � 0:084+0:056�0:0930.42 - 0.52 0:286 � 0:037+0:064�0:0280.52 - 0.62 0:408 � 0:034+0:041�0:0350.62 - 0.72 0:392 � 0:024+0:052�0:0270.72 - 0.82 0:392 � 0:019+0:039�0:0560.82 - 0.92 0:397 � 0:018+0:024�0:0441:83 � 10�3 11 0.32 - 0.42 0:361 � 0:075+0:058�0:0560.42 - 0.52 0:353 � 0:047+0:039�0:0770.52 - 0.62 0:375 � 0:033+0:036�0:0730.62 - 0.72 0:411 � 0:026+0:030�0:0270.72 - 0.82 0:348 � 0:017+0:043�0:0260.82 - 0.92 0:378 � 0:017+0:051�0:0213:98 � 10�3 11 0.32 - 0.47 0:228 � 0:063+0:033�0:0900.47 - 0.62 0:378 � 0:047+0:043�0:0630.62 - 0.77 0:421 � 0:033+0:034�0:1050.77 - 0.92 0:448 � 0:026+0:038�0:0575:1 � 10�4 22 0.32 - 0.47 0:470 � 0:111+0:061�0:2810.47 - 0.62 0:306 � 0:037+0:045�0:0280.62 - 0.77 0:436 � 0:035+0:044�0:0430.77 - 0.92 0:388 � 0:023+0:042�0:0279:2 � 10�4 22 0.32 - 0.42 0:356 � 0:084+0:137�0:0710.42 - 0.52 0:350 � 0:053+0:044�0:0440.52 - 0.62 0:376 � 0:039+0:058�0:0300.62 - 0.72 0:401 � 0:030+0:031�0:0570.72 - 0.82 0:386 � 0:022+0:056�0:0290.82 - 0.92 0:411 � 0:022+0:026�0:0411:84 � 10�3 22 0.32 - 0.42 0:367 � 0:084+0:091�0:0750.42 - 0.52 0:241 � 0:038+0:075�0:024
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Table 6 (ont.)hxi hQ2i (GeV2) xL range rLP(3)0.52 - 0.62 0:347 � 0:034+0:055�0:0330.62 - 0.72 0:353 � 0:025+0:060�0:0270.72 - 0.82 0:378 � 0:021+0:036�0:0350.82 - 0.92 0:401 � 0:021+0:048�0:0263:66 � 10�3 22 0.32 - 0.42 0:297 � 0:078+0:145�0:0420.42 - 0.52 0:386 � 0:066+0:078�0:0340.52 - 0.62 0:457 � 0:055+0:066�0:0710.62 - 0.72 0:442 � 0:038+0:035�0:0770.72 - 0.82 0:453 � 0:029+0:059�0:0330.82 - 0.92 0:377 � 0:023+0:027�0:0407:83 � 10�3 22 0.32 - 0.47 0:215 � 0:066+0:232�0:1020.47 - 0.62 0:354 � 0:053+0:087�0:0600.62 - 0.77 0:399 � 0:036+0:079�0:0320.77 - 0.92 0:442 � 0:030+0:060�0:0771:03 � 10�3 44 0.32 - 0.47 0:356 � 0:104+0:100�0:0620.47 - 0.62 0:327 � 0:052+0:074�0:0390.62 - 0.77 0:373 � 0:038+0:051�0:0340.77 - 0.92 0:381 � 0:030+0:027�0:0301:86 � 10�3 44 0.37 - 0.42 0:508 � 0:150+0:221�0:1160.47 - 0.52 0:346 � 0:073+0:049�0:0770.57 - 0.62 0:444 � 0:063+0:043�0:1120.67 - 0.72 0:348 � 0:041+0:027�0:0490.77 - 0.82 0:413 � 0:033+0:044�0:0520.87 - 0.92 0:352 � 0:026+0:051�0:0213:68 � 10�3 44 0.37 - 0.42 0:221 � 0:088+0:065�0:0270.47 - 0.52 0:456 � 0:097+0:079�0:1050.57 - 0.62 0:303 � 0:046+0:052�0:0230.67 - 0.72 0:496 � 0:057+0:036�0:1500.77 - 0.82 0:511 � 0:044+0:061�0:0560.87 - 0.92 0:408 � 0:033+0:041�0:0297:33 � 10�3 44 0.37 - 0.42 0:628 � 0:226+0:297�0:1900.47 - 0.52 0:341 � 0:090+0:053�0:0600.57 - 0.62 0:418 � 0:074+0:153�0:0350.67 - 0.72 0:458 � 0:061+0:044�0:070
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Table 6 (ont.)hxi hQ2i (GeV2) xL range rLP(3)0.77 - 0.82 0:501 � 0:048+0:055�0:0810.87 - 0.92 0:448 � 0:039+0:042�0:0301:54 � 10�2 44 0.32 - 0.52 0:453 � 0:135+0:078�0:3630.52 - 0.72 0:454 � 0:062+0:048�0:0710.72 - 0.92 0:385 � 0:033+0:083�0:0272:00 � 10�3 88 0.32 - 0.47 0:328 � 0:162+0:151�0:0640.47 - 0.62 0:462 � 0:121+0:111�0:1220.62 - 0.77 0:307 � 0:045+0:045�0:0300.77 - 0.92 0:339 � 0:040+0:048�0:0333:59 � 10�3 88 0.32 - 0.47 0:449 � 0:145+0:058�0:1340.47 - 0.62 0:509 � 0:090+0:120�0:0980.62 - 0.77 0:402 � 0:049+0:194�0:0340.77 - 0.92 0:393 � 0:034+0:068�0:0227:37 � 10�3 88 0.32 - 0.47 0:491 � 0:178+0:164�0:1310.47 - 0.62 0:345 � 0:078+0:050�0:0420.62 - 0.77 0:364 � 0:046+0:028�0:0340.77 - 0.92 0:440 � 0:042+0:087�0:0321:42 � 10�2 88 0.32 - 0.47 0:351 � 0:133+0:171�0:0540.47 - 0.62 0:479 � 0:101+0:169�0:1030.62 - 0.77 0:390 � 0:054+0:098�0:0370.77 - 0.92 0:498 � 0:050+0:042�0:1123:01 � 10�2 88 0.32 - 0.52 0:449 � 0:211+0:075�0:2640.52 - 0.72 0:330 � 0:063+0:121�0:0230.72 - 0.92 0:440 � 0:056+0:062�0:0444:00 � 10�3 237 0.32 - 0.52 0:250 � 0:153+0:115�0:1290.52 - 0.72 0:175 � 0:068+0:241�0:0130.72 - 0.92 0:451 � 0:071+0:079�0:0447:52 � 10�3 237 0.32 - 0.52 0:467 � 0:195+0:105�0:0860.52 - 0.72 0:482 � 0:088+0:067�0:2050.72 - 0.92 0:430 � 0:049+0:069�0:0531:47 � 10�2 237 0.32 - 0.47 0:301 � 0:156+0:366�0:0400.47 - 0.62 0:249 � 0:074+0:087�0:0370.62 - 0.77 0:445 � 0:070+0:112�0:0400.77 - 0.92 0:381 � 0:045+0:040�0:028
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Table 6 (ont.)hxi hQ2i (GeV2) xL range rLP(3)3:25 � 10�2 237 0.32 - 0.47 0:102 � 0:082+0:119�0:0110.47 - 0.62 0:355 � 0:090+0:049�0:0720.62 - 0.77 0:359 � 0:055+0:135�0:0280.77 - 0.92 0:403 � 0:049+0:041�0:064
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hxi hQ2i (GeV2) xL range rLP(3)9:6 � 10�5 4.2 0.32 - 0.47 0:082 � 0:015+0:043�0:0140.47 - 0.62 0:091 � 0:012+0:015�0:0190.62 - 0.77 0:080 � 0:006+0:005�0:0260.77 - 0.92 0:104 � 0:008+0:007�0:0141:7 � 10�4 4.2 0.32 - 0.47 0:103 � 0:013+0:006�0:0260.47 - 0.62 0:083 � 0:008+0:009�0:0100.62 - 0.77 0:096 � 0:005+0:003�0:0230.77 - 0.92 0:089 � 0:004+0:003�0:0083:5 � 10�4 4.2 0.32 - 0.47 0:077 � 0:010+0:009�0:0090.47 - 0.62 0:087 � 0:008+0:012�0:0060.62 - 0.77 0:108 � 0:006+0:009�0:0070.77 - 0.92 0:093 � 0:004+0:004�0:0036:9 � 10�4 4.2 0.32 - 0.47 0:077 � 0:012+0:013�0:0040.47 - 0.62 0:085 � 0:009+0:007�0:0070.62 - 0.77 0:095 � 0:006+0:009�0:0020.77 - 0.92 0:087 � 0:004+0:006�0:0021:46 � 10�3 4.2 0.32 - 0.47 0:074 � 0:016+0:012�0:0150.47 - 0.62 0:046 � 0:008+0:011�0:0040.62 - 0.77 0:083 � 0:006+0:012�0:0030.77 - 0.92 0:086 � 0:006+0:005�0:007Table 7: The leading proton prodution rate, rLP(3), measured as a funtion ofxL for protons with p2T < 0:04 GeV 2, in bins of x and Q2, with averages hxi andhQ2i. Statistial unertainties are listed �rst, followed by systemati unertainties.
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Table 7 (ont.)hxi hQ2i (GeV2) xL range rLP(3)1:9 � 10�4 7.3 0.32 - 0.47 0:093 � 0:017+0:009�0:0150.47 - 0.62 0:098 � 0:012+0:008�0:0270.62 - 0.77 0:087 � 0:007+0:013�0:0030.77 - 0.92 0:092 � 0:007+0:006�0:0153:4 � 10�4 7.3 0.32 - 0.47 0:090 � 0:015+0:012�0:0190.47 - 0.62 0:103 � 0:011+0:006�0:0110.62 - 0.77 0:079 � 0:005+0:007�0:0020.77 - 0.92 0:088 � 0:005+0:004�0:0036:9 � 10�4 7.3 0.32 - 0.47 0:090 � 0:015+0:005�0:0250.47 - 0.62 0:093 � 0:011+0:004�0:0170.62 - 0.77 0:102 � 0:007+0:004�0:0060.77 - 0.92 0:095 � 0:006+0:002�0:0171:36 � 10�3 7.3 0.32 - 0.47 0:075 � 0:014+0:011�0:0060.47 - 0.62 0:104 � 0:013+0:010�0:0140.62 - 0.77 0:113 � 0:008+0:003�0:0170.77 - 0.92 0:098 � 0:006+0:006�0:0092:67 � 10�3 7.3 0.32 - 0.47 0:067 � 0:025+0:007�0:0340.47 - 0.62 0:112 � 0:028+0:023�0:0360.62 - 0.77 0:097 � 0:015+0:017�0:0120.77 - 0.92 0:095 � 0:011+0:003�0:0172:6 � 10�4 11 0.32 - 0.47 0:098 � 0:024+0:006�0:0310.47 - 0.62 0:075 � 0:013+0:038�0:0060.62 - 0.77 0:129 � 0:014+0:005�0:0110.77 - 0.92 0:085 � 0:008+0:003�0:0054:6 � 10�4 11 0.32 - 0.47 0:114 � 0:018+0:008�0:0270.47 - 0.62 0:081 � 0:009+0:014�0:0040.62 - 0.77 0:101 � 0:007+0:003�0:0110.77 - 0.92 0:099 � 0:006+0:007�0:0039:2 � 10�4 11 0.32 - 0.47 0:080 � 0:013+0:009�0:0060.47 - 0.62 0:110 � 0:012+0:019�0:0040.62 - 0.77 0:080 � 0:006+0:009�0:0070.77 - 0.92 0:091 � 0:005+0:002�0:005
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Table 7 (ont.)hxi hQ2i (GeV2) xL range rLP(3)1:83 � 10�3 11 0.32 - 0.47 0:082 � 0:015+0:008�0:0070.47 - 0.62 0:094 � 0:011+0:004�0:0180.62 - 0.77 0:100 � 0:007+0:004�0:0060.77 - 0.92 0:089 � 0:005+0:008�0:0023:98 � 10�3 11 0.32 - 0.47 0:041 � 0:015+0:009�0:0200.47 - 0.62 0:118 � 0:021+0:010�0:0420.62 - 0.77 0:102 � 0:010+0:003�0:0240.77 - 0.92 0:107 � 0:009+0:006�0:0145:1 � 10�4 22 0.32 - 0.47 0:098 � 0:029+0:013�0:0560.47 - 0.62 0:081 � 0:014+0:010�0:0060.62 - 0.77 0:114 � 0:014+0:021�0:0070.77 - 0.92 0:088 � 0:009+0:005�0:0239:2 � 10�4 22 0.32 - 0.47 0:094 � 0:018+0:007�0:0200.47 - 0.62 0:094 � 0:012+0:018�0:0030.62 - 0.77 0:100 � 0:008+0:009�0:0080.77 - 0.92 0:090 � 0:006+0:008�0:0041:84 � 10�3 22 0.32 - 0.47 0:089 � 0:017+0:022�0:0080.47 - 0.62 0:080 � 0:010+0:007�0:0100.62 - 0.77 0:089 � 0:007+0:003�0:0070.77 - 0.92 0:089 � 0:006+0:010�0:0043:66 � 10�3 22 0.32 - 0.47 0:078 � 0:017+0:026�0:0050.47 - 0.62 0:120 � 0:019+0:009�0:0280.62 - 0.77 0:114 � 0:010+0:007�0:0100.77 - 0.92 0:099 � 0:007+0:013�0:0027:83 � 10�3 22 0.32 - 0.47 0:054 � 0:019+0:050�0:0240.47 - 0.62 0:087 � 0:018+0:011�0:0430.62 - 0.77 0:087 � 0:010+0:041�0:0050.77 - 0.92 0:116 � 0:012+0:033�0:0161:03 � 10�3 44 0.32 - 0.47 0:092 � 0:031+0:020�0:0170.47 - 0.62 0:086 � 0:020+0:048�0:0100.62 - 0.77 0:105 � 0:016+0:018�0:0310.77 - 0.92 0:108 � 0:013+0:015�0:0051:86 � 10�3 44 0.32 - 0.47 0:096 � 0:023+0:024�0:0100.47 - 0.62 0:087 � 0:016+0:005�0:028
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Table 7 (ont.)hxi hQ2i (GeV2) xL range rLP(3)0.62 - 0.77 0:130 � 0:015+0:004�0:0290.77 - 0.92 0:102 � 0:010+0:004�0:0163:68 � 10�3 44 0.32 - 0.47 0:077 � 0:023+0:038�0:0110.47 - 0.62 0:079 � 0:016+0:004�0:0190.62 - 0.77 0:139 � 0:017+0:005�0:0230.77 - 0.92 0:117 � 0:012+0:003�0:0137:33 � 10�3 44 0.32 - 0.47 0:124 � 0:039+0:021�0:0300.47 - 0.62 0:104 � 0:023+0:027�0:0050.62 - 0.77 0:107 � 0:015+0:022�0:0040.77 - 0.92 0:096 � 0:011+0:023�0:0041:54 � 10�2 44 0.32 - 0.47 0:076 � 0:036+0:075�0:0170.47 - 0.62 0:118 � 0:034+0:020�0:0400.62 - 0.77 0:108 � 0:019+0:036�0:0090.77 - 0.92 0:101 � 0:015+0:022�0:0152:00 � 10�3 88 0.32 - 0.52 0:130 � 0:053+0:014�0:0760.52 - 0.72 0:128 � 0:031+0:038�0:0490.72 - 0.92 0:089 � 0:014+0:021�0:0023:59 � 10�3 88 0.32 - 0.52 0:126 � 0:037+0:009�0:0460.52 - 0.72 0:080 � 0:014+0:035�0:0040.72 - 0.92 0:104 � 0:012+0:015�0:0037:37 � 10�3 88 0.32 - 0.52 0:091 � 0:031+0:034�0:0150.52 - 0.72 0:077 � 0:017+0:029�0:0060.72 - 0.92 0:090 � 0:011+0:026�0:0041:42 � 10�2 88 0.32 - 0.52 0:075 � 0:024+0:048�0:0050.52 - 0.72 0:118 � 0:027+0:051�0:0100.72 - 0.92 0:103 � 0:014+0:034�0:0073:01 � 10�2 88 0.32 - 0.52 0:151 � 0:075+0:022�0:1430.52 - 0.72 0:081 � 0:020+0:015�0:0120.72 - 0.92 0:099 � 0:017+0:033�0:0044:00 � 10�3 237 0.32 - 0.52 0:053 � 0:036+0:020�0:0450.52 - 0.72 0:092 � 0:033+0:102�0:0060.72 - 0.92 0:116 � 0:025+0:022�0:0107:52 � 10�3 237 0.32 - 0.52 0:116 � 0:052+0:036�0:0150.52 - 0.72 0:108 � 0:030+0:016�0:057
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Table 7 (ont.)hxi hQ2i (GeV2) xL range rLP(3)0.72 - 0.92 0:098 � 0:017+0:007�0:0241:47 � 10�2 237 0.32 - 0.52 0:072 � 0:036+0:053�0:0070.52 - 0.72 0:098 � 0:025+0:062�0:0220.72 - 0.92 0:128 � 0:020+0:012�0:0253:25 � 10�2 237 0.32 - 0.52 0:033 � 0:020+0:073�0:0020.52 - 0.72 0:071 � 0:019+0:058�0:0130.72 - 0.92 0:102 � 0:017+0:014�0:019
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hxi hQ2i (GeV2) xL range rLP(3)9:6 � 10�5 4.2 0.38 - 0.56 0:146 � 0:027+0:022�0:0390.56 - 0.74 0:125 � 0:012+0:015�0:0130.74 - 0.92 0:177 � 0:013+0:017�0:0581:7 � 10�4 4.2 0.38 - 0.56 0:133 � 0:017+0:025�0:0260.56 - 0.74 0:145 � 0:010+0:006�0:0260.74 - 0.92 0:137 � 0:006+0:009�0:0053:5 � 10�4 4.2 0.38 - 0.56 0:123 � 0:018+0:020�0:0110.56 - 0.74 0:140 � 0:009+0:009�0:0130.74 - 0.92 0:141 � 0:007+0:008�0:0126:9 � 10�4 4.2 0.38 - 0.56 0:128 � 0:019+0:018�0:0280.56 - 0.74 0:128 � 0:010+0:008�0:0180.74 - 0.92 0:151 � 0:008+0:006�0:0201:46 � 10�3 4.2 0.38 - 0.56 0:160 � 0:033+0:035�0:0160.56 - 0.74 0:156 � 0:018+0:015�0:0190.74 - 0.92 0:136 � 0:010+0:017�0:0201:9 � 10�4 7.3 0.38 - 0.56 0:126 � 0:023+0:048�0:0060.56 - 0.74 0:123 � 0:012+0:009�0:0160.74 - 0.92 0:149 � 0:011+0:004�0:0203:4 � 10�4 7.3 0.38 - 0.56 0:140 � 0:022+0:018�0:0280.56 - 0.74 0:144 � 0:012+0:006�0:0260.74 - 0.92 0:136 � 0:008+0:008�0:0086:9 � 10�4 7.3 0.38 - 0.56 0:123 � 0:021+0:019�0:0220.56 - 0.74 0:122 � 0:011+0:012�0:0040.74 - 0.92 0:141 � 0:008+0:009�0:0141:36 � 10�3 7.3 0.38 - 0.56 0:158 � 0:027+0:052�0:0240.56 - 0.74 0:140 � 0:013+0:016�0:0090.74 - 0.92 0:149 � 0:010+0:013�0:0062:67 � 10�3 7.3 0.38 - 0.56 0:175 � 0:070+0:023�0:1530.56 - 0.74 0:193 � 0:038+0:077�0:0540.74 - 0.92 0:161 � 0:021+0:032�0:024Table 8: The leading proton prodution rate, rLP(3), measured as a funtion of xLfor protons with 0:04 < p2T < 0:15 GeV 2, in bins of x and Q2, with averages hxi andhQ2i. Statistial unertainties are listed �rst, followed by systemati unertainties.
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Table 8 (ont.)hxi hQ2i (GeV2) xL range rLP(3)2:6 � 10�4 11 0.38 - 0.56 0:084 � 0:021+0:033�0:0080.56 - 0.74 0:151 � 0:019+0:010�0:0300.74 - 0.92 0:140 � 0:012+0:013�0:0064:6 � 10�4 11 0.38 - 0.56 0:134 � 0:020+0:056�0:0090.56 - 0.74 0:132 � 0:011+0:009�0:0160.74 - 0.92 0:133 � 0:007+0:032�0:0039:2 � 10�4 11 0.38 - 0.56 0:129 � 0:021+0:008�0:0150.56 - 0.74 0:140 � 0:011+0:032�0:0060.74 - 0.92 0:150 � 0:008+0:003�0:0221:83 � 10�3 11 0.38 - 0.56 0:115 � 0:018+0:026�0:0070.56 - 0.74 0:165 � 0:013+0:007�0:0360.74 - 0.92 0:127 � 0:007+0:022�0:0033:98 � 10�3 11 0.38 - 0.56 0:110 � 0:031+0:099�0:0130.56 - 0.74 0:129 � 0:018+0:007�0:0320.74 - 0.92 0:157 � 0:013+0:018�0:0245:1 � 10�4 22 0.38 - 0.56 0:112 � 0:029+0:079�0:0090.56 - 0.74 0:133 � 0:017+0:009�0:0190.74 - 0.92 0:148 � 0:013+0:037�0:0039:2 � 10�4 22 0.38 - 0.56 0:146 � 0:028+0:039�0:0250.56 - 0.74 0:153 � 0:015+0:007�0:0250.74 - 0.92 0:157 � 0:010+0:004�0:0161:84 � 10�3 22 0.38 - 0.56 0:101 � 0:019+0:050�0:0060.56 - 0.74 0:141 � 0:013+0:009�0:0120.74 - 0.92 0:144 � 0:009+0:019�0:0063:66 � 10�3 22 0.38 - 0.56 0:177 � 0:036+0:042�0:0180.56 - 0.74 0:165 � 0:018+0:014�0:0200.74 - 0.92 0:156 � 0:011+0:005�0:0207:83 � 10�3 22 0.38 - 0.56 0:166 � 0:046+0:063�0:0140.56 - 0.74 0:185 � 0:031+0:011�0:0650.74 - 0.92 0:147 � 0:015+0:007�0:0231:03 � 10�3 44 0.38 - 0.56 0:128 � 0:042+0:155�0:0080.56 - 0.74 0:090 � 0:016+0:052�0:006
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Table 8 (ont.)hxi hQ2i (GeV2) xL range rLP(3)0.74 - 0.92 0:152 � 0:018+0:005�0:0421:86 � 10�3 44 0.38 - 0.56 0:190 � 0:048+0:059�0:0150.56 - 0.74 0:136 � 0:019+0:006�0:0290.74 - 0.92 0:115 � 0:010+0:049�0:0033:68 � 10�3 44 0.38 - 0.56 0:082 � 0:023+0:176�0:0100.56 - 0.74 0:156 � 0:023+0:017�0:0310.74 - 0.92 0:158 � 0:015+0:021�0:0047:33 � 10�3 44 0.38 - 0.56 0:138 � 0:045+0:070�0:0110.56 - 0.74 0:169 � 0:028+0:027�0:0220.74 - 0.92 0:188 � 0:020+0:010�0:0561:54 � 10�2 44 0.38 - 0.56 0:130 � 0:055+0:056�0:0360.56 - 0.74 0:195 � 0:043+0:042�0:0780.74 - 0.92 0:118 � 0:016+0:052�0:0042:00 � 10�3 88 0.38 - 0.65 0:092 � 0:030+0:025�0:0180.65 - 0.92 0:109 � 0:018+0:020�0:0093:59 � 10�3 88 0.38 - 0.65 0:236 � 0:053+0:030�0:0980.65 - 0.92 0:153 � 0:018+0:018�0:0067:37 � 10�3 88 0.38 - 0.65 0:190 � 0:047+0:078�0:0300.65 - 0.92 0:191 � 0:024+0:022�0:0471:42 � 10�2 88 0.38 - 0.65 0:153 � 0:040+0:072�0:0180.65 - 0.92 0:179 � 0:026+0:004�0:0633:01 � 10�2 88 0.38 - 0.65 0:137 � 0:053+0:095�0:0100.65 - 0.92 0:158 � 0:032+0:030�0:0264:00 � 10�3 237 0.38 - 0.65 0:051 � 0:048+0:119�0:0030.65 - 0.92 0:067 � 0:027+0:069�0:0127:52 � 10�3 237 0.38 - 0.65 0:162 � 0:053+0:023�0:0480.65 - 0.92 0:164 � 0:027+0:094�0:0361:47 � 10�2 237 0.38 - 0.65 0:161 � 0:052+0:049�0:0480.65 - 0.92 0:095 � 0:015+0:056�0:0053:25 � 10�2 237 0.38 - 0.65 0:179 � 0:054+0:026�0:0560.65 - 0.92 0:123 � 0:019+0:017�0:008
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hxi hQ2i (GeV2) xL range rLP(3)9:6 � 10�5 4.2 0.62 - 0.72 0:114 � 0:027+0:072�0:0140.72 - 0.82 0:116 � 0:033+0:066�0:0260.82 - 0.92 0:121 � 0:016+0:054�0:0151:7 � 10�4 4.2 0.62 - 0.72 0:102 � 0:014+0:018�0:0260.72 - 0.82 0:105 � 0:018+0:053�0:0340.82 - 0.92 0:133 � 0:012+0:036�0:0113:5 � 10�4 4.2 0.62 - 0.72 0:114 � 0:018+0:010�0:0210.72 - 0.82 0:212 � 0:043+0:023�0:1720.82 - 0.92 0:099 � 0:010+0:010�0:0116:9 � 10�4 4.2 0.62 - 0.72 0:097 � 0:015+0:040�0:0070.72 - 0.82 0:166 � 0:034+0:036�0:0480.82 - 0.92 0:151 � 0:016+0:011�0:0201:46 � 10�3 4.2 0.62 - 0.72 0:106 � 0:024+0:015�0:0220.72 - 0.82 0:090 � 0:027+0:021�0:0390.82 - 0.92 0:154 � 0:022+0:043�0:0331:9 � 10�4 7.3 0.62 - 0.72 0:158 � 0:034+0:012�0:0690.72 - 0.82 0:068 � 0:026+0:030�0:0400.82 - 0.92 0:100 � 0:017+0:019�0:0353:4 � 10�4 7.3 0.62 - 0.72 0:138 � 0:025+0:013�0:0250.72 - 0.82 0:149 � 0:034+0:020�0:0770.82 - 0.92 0:110 � 0:013+0:012�0:0176:9 � 10�4 7.3 0.62 - 0.72 0:137 � 0:025+0:010�0:0420.72 - 0.82 0:098 � 0:024+0:009�0:0350.82 - 0.92 0:160 � 0:018+0:012�0:0321:36 � 10�3 7.3 0.62 - 0.72 0:127 � 0:024+0:038�0:0080.72 - 0.82 0:170 � 0:040+0:068�0:0660.82 - 0.92 0:127 � 0:016+0:009�0:0232:67 � 10�3 7.3 0.62 - 0.77 0:245 � 0:103+0:119�0:1200.77 - 0.92 0:113 � 0:027+0:060�0:018Table 9: The leading proton prodution rate, rLP(3), measured as a funtion of xLfor protons with 0:15 < p2T < 0:5 GeV 2, in bins of x and Q2, with averages hxi andhQ2i. Statistial unertainties are listed �rst, followed by systemati unertainties.
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Table 9 (ont.)hxi hQ2i (GeV2) xL range rLP(3)2:6 � 10�4 11 0.62 - 0.72 0:170 � 0:047+0:063�0:0360.72 - 0.82 0:088 � 0:048+0:225�0:0120.82 - 0.92 0:169 � 0:027+0:023�0:0594:6 � 10�4 11 0.62 - 0.72 0:176 � 0:030+0:015�0:0400.72 - 0.82 0:126 � 0:030+0:076�0:0740.82 - 0.92 0:134 � 0:015+0:020�0:0279:2 � 10�4 11 0.62 - 0.72 0:142 � 0:023+0:015�0:0390.72 - 0.82 0:158 � 0:040+0:026�0:1170.82 - 0.92 0:148 � 0:016+0:017�0:0191:83 � 10�3 11 0.62 - 0.72 0:107 � 0:018+0:018�0:0120.72 - 0.82 0:071 � 0:019+0:089�0:0080.82 - 0.92 0:145 � 0:015+0:020�0:0173:98 � 10�3 11 0.62 - 0.77 0:135 � 0:034+0:058�0:0140.77 - 0.92 0:199 � 0:033+0:018�0:0505:1 � 10�4 22 0.62 - 0.72 0:125 � 0:033+0:019�0:0520.72 - 0.82 0:179 � 0:069+0:038�0:1210.82 - 0.92 0:127 � 0:020+0:053�0:0129:2 � 10�4 22 0.62 - 0.72 0:127 � 0:024+0:057�0:0160.72 - 0.82 0:106 � 0:027+0:014�0:0190.82 - 0.92 0:147 � 0:018+0:010�0:0211:84 � 10�3 22 0.62 - 0.72 0:084 � 0:017+0:028�0:0080.72 - 0.82 0:158 � 0:039+0:017�0:0630.82 - 0.92 0:157 � 0:021+0:016�0:0363:66 � 10�3 22 0.62 - 0.72 0:115 � 0:029+0:019�0:0520.72 - 0.82 0:112 � 0:030+0:097�0:0110.82 - 0.92 0:124 � 0:020+0:018�0:0687:83 � 10�3 22 0.62 - 0.77 0:110 � 0:037+0:064�0:0240.77 - 0.92 0:223 � 0:044+0:015�0:1271:03 � 10�3 44 0.62 - 0.77 0:171 � 0:054+0:048�0:0390.77 - 0.92 0:100 � 0:023+0:014�0:0241:86 � 10�3 44 0.62 - 0.77 0:124 � 0:030+0:013�0:0240.77 - 0.92 0:141 � 0:022+0:068�0:015
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Table 9 (ont.)hxi hQ2i (GeV2) xL range rLP(3)3:68 � 10�3 44 0.62 - 0.77 0:170 � 0:049+0:060�0:0580.77 - 0.92 0:117 � 0:022+0:026�0:0167:33 � 10�3 44 0.62 - 0.77 0:185 � 0:078+0:044�0:1030.77 - 0.92 0:120 � 0:024+0:037�0:0741:54 � 10�2 44 0.62 - 0.77 0:196 � 0:078+0:228�0:0200.77 - 0.92 0:182 � 0:050+0:041�0:0792:00 � 10�3 88 0.62 - 0.77 0:156 � 0:077+0:040�0:0810.77 - 0.92 0:125 � 0:034+0:011�0:0473:59 � 10�3 88 0.62 - 0.77 0:208 � 0:087+0:115�0:0440.77 - 0.92 0:129 � 0:027+0:067�0:0197:37 � 10�3 88 0.62 - 0.77 0:061 � 0:031+0:003�0:0220.77 - 0.92 0:127 � 0:035+0:050�0:0401:42 � 10�2 88 0.62 - 0.77 0:145 � 0:056+0:338�0:0130.77 - 0.92 0:268 � 0:079+0:030�0:2643:01 � 10�2 88 0.62 - 0.77 0:106 � 0:063+0:200�0:0400.77 - 0.92 0:215 � 0:107+0:031�0:1464:00 � 10�3 237 0.62 - 0.92 0:248 � 0:107+0:024�0:1327:52 � 10�3 237 0.62 - 0.92 0:183 � 0:049+0:068�0:0271:47 � 10�2 237 0.62 - 0.92 0:203 � 0:057+0:016�0:0593:25 � 10�2 237 0.62 - 0.92 0:164 � 0:045+0:061�0:055
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hQ2i (GeV2) x rLP(2)4.2 9:6 � 10�5 0:256 � 0:006+0:023�0:0221:7 � 10�4 0:245 � 0:004+0:018�0:0213:5 � 10�4 0:237 � 0:004+0:018�0:0176:9 � 10�4 0:234 � 0:004+0:018�0:0161:46 � 10�3 0:214 � 0:006+0:020�0:0167.3 1:9 � 10�4 0:246 � 0:006+0:020�0:0243:4 � 10�4 0:231 � 0:005+0:019�0:0166:9 � 10�4 0:236 � 0:005+0:018�0:0211:36 � 10�3 0:243 � 0:006+0:019�0:0182:67 � 10�3 0:252 � 0:012+0:025�0:03011 2:6 � 10�4 0:253 � 0:007+0:020�0:0164:6 � 10�4 0:241 � 0:005+0:020�0:0159:2 � 10�4 0:242 � 0:005+0:018�0:0191:83 � 10�3 0:230 � 0:005+0:019�0:0143:98 � 10�3 0:258 � 0:008+0:019�0:03022 5:1 � 10�4 0:242 � 0:007+0:020�0:0239:2 � 10�4 0:244 � 0:006+0:018�0:0181:84 � 10�4 0:227 � 0:005+0:022�0:0163:66 � 10�3 0:253 � 0:007+0:020�0:0187:83 � 10�3 0:254 � 0:010+0:025�0:02044 1:03 � 10�3 0:228 � 0:009+0:017�0:0151:86 � 10�3 0:238 � 0:008+0:019�0:0163:68 � 10�3 0:270 � 0:009+0:020�0:0217:33 � 10�3 0:271 � 0:011+0:023�0:0171:54 � 10�3 0:253 � 0:014+0:031�0:01688 2:00 � 10�3 0:215 � 0:013+0:015�0:0193:59 � 10�3 0:245 � 0:011+0:043�0:0177:37 � 10�3 0:243 � 0:013+0:026�0:0171:42 � 10�2 0:265 � 0:015+0:032�0:0233:01 � 10�2 0:241 � 0:019+0:034�0:024237 4:00 � 10�2 0:242 � 0:024+0:069�0:0217:52 � 10�2 0:264 � 0:018+0:029�0:0381:47 � 10�2 0:227 � 0:015+0:029�0:0173:25 � 10�2 0:232 � 0:015+0:021�0:019Table 10: The leading proton prodution rate, rLP(2), measured as a funtion ofx in bins of Q2, with average hQ2i, for protons with 0:32 < xL < 0:92 and p2T < 0:5GeV 2. Statistial unertainties are listed �rst, followed by systemati unertainties.42



Q2 (GeV2) hrLP(2)i0:6 < xL < 0:97 0:32 < xL < 0:925.1 0:145� 0:001+0:010�0:010 0:238� 0:002+0:018�0:01715.8 0:149� 0:001+0:011�0:009 0:241� 0:002+0:018�0:01581.1 0:151� 0:002+0:011�0:009 0:245� 0:003+0:019�0:015Table 11: The leading proton prodution rate, hrLP(2)i, averaged over x, as afuntion of Q2, for protons with p2T < 0:5 GeV 2 in two xL ranges as denoted in thetable. Statistial unertainties are listed �rst, followed by systemati unertainties.
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hQ2i (GeV2) x FLP(2)24.2 9:6 � 10�5 0:262 � 0:006+0:023�0:0241:7 � 10�4 0:234 � 0:004+0:021�0:0183:5 � 10�4 0:195 � 0:003+0:015�0:0156:9 � 10�4 0:167 � 0:003+0:012�0:0131:46 � 10�3 0:133 � 0:004+0:011�0:0137.3 1:9 � 10�4 0:290 � 0:007+0:030�0:0243:4 � 10�4 0:239 � 0:005+0:018�0:0206:9 � 10�4 0:209 � 0:004+0:019�0:0161:36 � 10�3 0:183 � 0:004+0:014�0:0152:67 � 10�3 0:165 � 0:008+0:021�0:01811 2:6 � 10�4 0:327 � 0:010+0:023�0:0274:6 � 10�4 0:281 � 0:005+0:018�0:0249:2 � 10�4 0:239 � 0:005+0:020�0:0191:83 � 10�3 0:191 � 0:004+0:012�0:0173:98 � 10�3 0:181 � 0:006+0:022�0:01522 5:1 � 10�4 0:336 � 0:010+0:033�0:0309:2 � 10�4 0:299 � 0:007+0:023�0:0231:84 � 10�3 0:230 � 0:005+0:017�0:0233:66 � 10�3 0:210 � 0:006+0:016�0:0187:83 � 10�3 0:176 � 0:007+0:015�0:01844 1:03 � 10�4 0:322 � 0:013+0:025�0:0271:86 � 10�3 0:286 � 0:009+0:022�0:0253:68 � 10�3 0:265 � 0:009+0:023�0:0227:33 � 10�3 0:215 � 0:008+0:016�0:0201:54 � 10�2 0:164 � 0:009+0:014�0:02288 2:00 � 10�3 0:286 � 0:017+0:030�0:0273:59 � 10�3 0:275 � 0:013+0:023�0:0507:37 � 10�3 0:214 � 0:011+0:018�0:0261:42 � 10�2 0:190 � 0:010+0:020�0:0253:01 � 10�2 0:138 � 0:011+0:017�0:022273 4:00 � 10�3 0:287 � 0:028+0:038�0:0877:52 � 10�3 0:260 � 0:017+0:041�0:0341:47 � 10�2 0:173 � 0:012+0:017�0:0253:25 � 10�2 0:139 � 0:009+0:015�0:016Table 12: The leading proton struture funtion, F LP(2)2 , measured as a funtionof x in bins of Q2, with average hQ2i, for protons with 0:32 < xL < 0:92 andp2T < 0:5 GeV 2. Statistial unertainties are listed �rst, followed by systematiunertainties. 44
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Figure 14: The leading proton prodution rate averaged over x, hrLP(2)i, as afuntion of Q2 in two di�erent ranges of xL, in the kinemati range indiated inthe �gure. The bands represent the orrelated systemati unertainty.
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Figure 18: A Regge-based model [13℄ ompared to (a) the measured leadingproton prodution rate, 1=�in � d�LP=dxL, and (b) the p2T -slope, b. The bands showthe systemati unertainties.
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Figure 19: Expetations of various Monte Carlo models of DIS, as desribed inthe �gure, ompared to (a) the leading proton prodution rate, 1=�in � d�LP=dxL,and (b) the p2T -slope, b. The bands show the systemati unertainties.
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