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Saled momentum spetra in deep inelastisattering at HERA
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AbstratCharged partile prodution has been studied in neutral urrent deep inelas-ti ep sattering with the ZEUS detetor at HERA using an integrated lumi-nosity of 0.44 fb�1. Distributions of saled momenta in the Breit frame arepresented for partiles in the urrent fragmentation region. The evolution ofthese spetra with the photon virtuality, Q2, is desribed in the kinemati re-gion 10 < Q2 < 41000 GeV2. Next-to-leading-order and modi�ed leading-log-approximation QCD alulations as well as preditions from Monte Carlo modelsare ompared to the data. The results are also ompared to e+e� annihilationdata. The dependenes of the pseudorapidity distribution of the partiles on Q2and on the energy in the p system, W , are presented and interpreted in theontext of the hypothesis of limiting fragmentation.
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1 IntrodutionQuark fragmentation has previously been studied experimentally in deep inelasti epsattering (DIS) at HERA using observables suh as multipliity moments, saled mo-mentum distributions and fragmentation funtions [1{3℄. The results were ompared tothose obtained in e+e� and pp ollisions. In general, universal behaviour has been es-tablished and saling violations of the fragmentation funtions [4℄ observed. It has alsobeen observed that perturbative Quantum Chromodynamis (pQCD) alulations usingthe modi�ed leading-log-approximation (MLLA) [5,6℄ and assuming loal parton-hadronduality (LPHD) [7℄ do not provide a full desription of the data.In this paper, multipliity distributions of harged hadrons in the urrent region in theBreit frame1 are presented as funtions of the virtuality of the exhanged boson, Q2 perunit of the saled momentum, xp = 2PBreit=Q, and the variable ln(1=xp) in bins of Q2.Here, PBreit denotes the momentum of a hadron in the Breit frame. The data sampleolleted with the ZEUS detetor between 1996{2007, omprising 0:44 fb�1, enables thestudy to be extended to Q2 as high as 41 000 GeV2. Preditions from next-to-leading-order(NLO) QCD alulations that ombine full NLO matrix elements with fragmentationfuntions (FF) obtained from �ts to e+e� annihilation data [8{11℄ are ompared to themeasurements. Preditions from MLLA+LPHD [6,12,13℄ and leading-order plus parton-shower Monte Carlo programs are also onsidered.In addition, the measurements are ompared to previous ep results [1{3℄ and to e+e�annihilation data [14℄. The hadronisation in the urrent region in the Breit frame in epsattering an be ompared diretly to the hadronisation in one hemisphere of e+e� anni-hilation events. There, partile momenta are saled to half of the entre-of-mass energy,E� = ps=2. Previous studies on DIS hadronisation [1{3,15℄ have shown good agreementwith e+e� annihilation at medium Q2. At lower Q2, Q2 < 40 GeV2, the two proesses wereobserved to behave di�erently [2℄. This an be explained by higher-order QCD proessessuh as boson-gluon fusion (BGF) and initial-state QCD Compton radiation ourring aspart of the hard interation in ep sattering but not in e+e� annihilation.Finally, the density of harged partiles is studied as a funtion of the partile pseudora-pidity, �Breit, in bins of Q2, and as a funtion of the total ?p entre-of-mass energy, W .The data are used to test the hypothesis of limiting fragmentation [16℄, in whih therehas reently been renewed interest, most notably in relativisti heavy ion ollisions [17℄.1 The Breit frame is de�ned as the frame in whih the four-vetor of the exhanged photon beomes(0,0,0,-Q). 1



2 Experimental setupA detailed desription of the ZEUS detetor an be found elsewhere [18℄. A brief out-line of the omponents most relevant for this analysis is given below. Charged partileswere traked in the entral traking detetor (CTD) [19℄, whih operated in a magneti�eld of 1.43 T provided by a thin superonduting solenoid. The CTD onsisted of 72ylindrial drift-hamber layers, organized in nine superlayers overing the polar-angle2region 15Æ < � < 164Æ and the radial range from 18:2 m to 79:4 m. Before the 2003{2007 running period, the ZEUS traking system was upgraded with a silion mirovertexdetetor (MVD) [20℄.The high-resolution uranium{sintillator alorimeter (CAL) [21℄ overed 99.7% of thetotal solid angle and onsisted of three parts: the forward (FCAL), the barrel (BCAL)and the rear (RCAL) alorimeters. Eah part was subdivided transversely into towersand longitudinally into one eletromagneti setion (EMC) and either one (in RCAL)or two (in BCAL and FCAL) hadroni setions (HAC). The smallest subdivision of theCAL was alled a ell. Under test-beam onditions, the CAL single-partile relative energyresolutions were �E=E = 0:18=pE for eletrons and �E=E = 0:35=pE for hadrons, withE in GeV.The position of the sattered eletron was determined by ombining information from theCAL, the small-angle rear traking detetor (SRTD) [22℄ and the presampler (PRES) [23℄,both mounted on the fae of the RCAL.The luminosity was measured using the Bethe-Heitler proess ep ! ep by a luminositydetetor whih onsisted of a lead{sintillator [24{26℄ alorimeter and, after 2002, anindependent magneti spetrometer [27℄. The frational systemati unertainty on themeasured luminosity was 2% and 2.6% for the 1996{2000 and 2004{2007 running periods,respetively.3 Event sampleThe data presented here were olleted with the ZEUS detetor at HERA between 1996and 2007 and orrespond to an integrated luminosity of 0:44 fb�1. During 1995{97 (1998-2007) HERA operated with protons with an energy of Ep = 820 GeV (920 GeV) and2 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 towards theentre of HERA. The oordinate origin is at the nominal interation point.2



eletrons3 with an energy of Ee = 27:5 GeV, resulting in a entre-of-mass energy ofps = 300 GeV (318 GeV).A three-level trigger system [18, 28, 29℄ was used to selet events online. It relied on thepresene of an energy deposition in the CAL ompatible with that of a sattered eletron.At the third level, an eletron, identi�ed using the pattern of energy deposits in theCAL [30℄ and having an energy larger than 4 GeV, was required.The kinemati variables, Q2 and the Bjorken saling variable, x, as well as the boostvetor to the Breit frame were reonstruted using the double angle (DA) method [31℄based on the angles of the sattered eletron and of the hadroni system. The total energyof the p-system, W , was alulated using W 2 = Q2DA(1� xDA)=xDA.The traks used in the analysis had to be assoiated with the primary interation vertexand were required to be in the region of high CTD aeptane, j�j < 1:75, where � =� ln(tan �=2) is the pseudorapidity of the trak in the laboratory frame with � being thepolar angle of the measured trak with respet to the proton diretion. The traks hadto pass through at least three CTD superlayers and were required to have a transversemomentum, P trakT > 150 MeV. The details of the event reonstrution are similar to thosein a previous ZEUS publiation [2℄ and are desribed in detail elsewhere [32℄.To reonstrut xp, the momentum four-vetor of eah trak was boosted to the Breit frameassuming the partile to have the pion mass.The analysis of the saled momenta was restrited to events with Q2 > 160 GeV2. A wellreonstruted neutral urrent DIS sample was seleted by requiring the following:� E 0e > 10 GeV, where E 0e is the energy of the sattered eletron;� ye� 0:95, where ye is the inelastiity, y = Q2=sx, estimated from the energy and angleof the sattered eletron; this redues the photoprodution bakground;� yJB � 0:04, where yJB is estimated by the Jaquet-Blondel method [33℄; this rejetsevents for whih the DA method gives a poor reonstrution;� 35� Æ� 60 GeV, where Æ =P(Ei � PZi) and Ei is the energy of the i-th alorimeterell, PZi is its momentum along the Z axis and the sum runs over all ells; this removesphotoprodution and events with initial-state radiation;� jZvertexj < 50 m, where Zvertex is the Z omponent of the position of the primaryinteration vertex; this redues bakground from events not originating from ep olli-sions;� the position (X; Y ) of the sattered eletron andidates in the RCAL was required tosatisfy pX2 + Y 2 > 35 m.3 The term \eletron" is used for both eletrons and positrons.3



The limiting-fragmentation analysis was extended to events with lower Q2 values, Q2 >10 GeV2, using data olleted during 1996{2000 orresponding to an integrated luminos-ity of 77 pb�1. The same seletion as desribed above was used but, for events with10 < Q2 < 160 GeV2, the last requirement was modi�ed and one additional requirementintrodued:� depending on experimental onditions, the position (X; Y ) of the sattered eletronandidate in the RCAL was required to satisfy jXj > 12 m and jY j > 6 m orjXj > 14 m and jY j > 14 m or pX2 + Y 2 > 35 m.� �max > 3:2, where �max is the pseudorapidity in the laboratory frame of the mostforward energy deposit with at least 400 MeV; this removes di�rative events. Evenbefore the ut, for Q2 > 100 GeV2, the ontamination with di�rative events is wellbelow 5%, and the resulting orretions to the multipliity are below 2%. In the lowestQ2 bin, the ontribution of di�rative events would grow up to 10% without the ut.Only traks with PBreitZ < 0 enter the analysis of the saled momenta, whereas thisrestrition does not apply to the limiting-fragmentation studies. The total number ofevents is listed in Table 1.4 Models and Monte Carlo SimulationsThe NLO perturbative QCD alulations onsidered, ombine the full NLO matrix ele-ments with NLO fragmentation funtions obtained from �ts to e+e� data [8{11℄. Theresulting preditions were obtained using the Cylops program [34℄.The MLLA alulations [6, 12, 35{37℄ desribe parton prodution in terms of a showerevolution. They depend on two parameters only, the e�etive QCD sale, �e� , and theinfrared uto� sale, Q0, at whih the parton asade is stopped. The alulations in-trinsially inlude olour oherene and gluon interferene e�ets. Leading ollinear andinfrared singularities are removed and energy{momentum onservation is obeyed.To onnet preditions at the parton level to the hadron-level data, LPHD [7℄ was as-sumed, whih leaves only one free parameter, the hadronisation onstant, Kh. The on-version from energy to momentum spetra for the �nal-state hadrons was performedassuming an e�etive hadron mass, me� = Q0 [13℄. The input parameters for the alu-lations were obtained by �ts to LEP e+e� data. Conservative unertainties, equivalentto three standard deviations of the experimental unertainty, were assumed for the pa-rameters: Q0 = �e� = 270 � 20 MeV and Kh = 1:31 � 0:03. The �e� value agrees withthe value �e� = 275 � 4(stat:)+4�8(syst:) MeV dedued from a ZEUS analysis of saledmomenta in dijet photoprodution [38℄. The usage of input parameters dedued from4



LEP data is justi�ed by the assumed equivalene of hadronisation in one hemisphere ofe+e� annihilation and in the urrent region of ep interations in the Breit frame.The preditions from several Monte Carlo (MC) models were ompared to the measure-ments. Neutral urrent DIS events were generated using the leading-order QCD Ari-adne 4.12 program [39℄. The QCD asade was simulated using the olour-dipole model(CDM) [40℄ inside Ariadne. Additional samples were generated with the MEPS modelof Lepto 6.5 [41℄. Both MC programs, Ariadne and Lepto, were also used to alulatedetetor aeptanes and to orret the data to the hadron level. For this purpose they areused with the Djangoh 1.1 [42℄ interfae and QED radiative e�ets are inluded usingthe Herales 4.6.1 [43℄ program. Both MC programs use the Lund string model [44℄ forhadronisation as implemented in Jetset 7.4 [45,46℄. Hadrons are assumed stable if theirlifetime is larger than 3� 10�11 s; their deay produts are not onsidered. This exludesin partiular the harged deay produts of K0 and � partiles.All generated events were passed through the ZEUS detetor- and trigger-simulation pro-grams whih are based on GEANT 3 [47℄. They were reonstruted and analysed by thesame program hain as the data.5 Corretion proedure and systemati unertaintiesAll measured distributions were orreted to the hadron level. The orretion fatorswere alulated bin by bin using MC events. For the saled momentum spetra, thefators are typially below 1.2 for Q2 < 5000 GeV2, but rise up to 1.5 for higher Q2.The orretions for harged-partile densities as a funtion of the pseudorapidity are of asimilar magnitude and approah 1.5 as �Breit inreases towards the most positive valuesmeasured.Cross setions, measured separately for eah data-taking period, were ombined using astandard weighted average [48℄. The dependene of the saled momentum distributionson the variation of the proton-beam energy in the di�erent data samples was determinedusing MC events; the resulting hanges were found to be smaller than 0.5% and werenegleted. Finally, the results were orreted to the QED Born level using orretionfators obtained from MC, reduing the harged hadron multipliities by up to 4%.The systemati unertainties were investigated separately for data with Q2 above andbelow 160 GeV2. The numbers in parentheses orrespond to the largest variations ob-served in the saled momentum spetra. The unertainties in the limiting-fragmentationdistributions are of similar magnitude. For data with Q2 > 160 GeV2, the systematiunertainties are due to: 5



� imperfetions in the simulation a�eting the determination of the eÆieny of event re-onstrution and event seletion (+1�2%). This was evaluated by modifying the seletionuts within the experimental resolutions.� an unertainty of 3% in the overall traking eÆieny (�3%).� trak reonstrution unertainties lose to the borders of aeptane (+6�3%). This wasevaluated by� raising (lowering) the ut on P trakT to 160 MeV (140 MeV);� requiring j�j < 1:5 instead of 1.75; this e�et dominates for Q2 > 10000 GeV2;� inluding traks not assoiated to the primary vertex.� alignment unertainties a�eting the alulation of the boost vetor to the Breit frame(+3�2%). This was evaluated by� varying the polar angle for the sattered eletron by �2 mrad;� varying the polar angles for the hadrons by �4 mrad.� assumptions onerning the details of the simulation of the hadroni �nal state (�4%).This was estimated by using Lepto instead of Ariadne.For data with Q2 < 160 GeV2, the systemati unertainties are slightly di�erent and aredue to:� imperfetions in the simulation a�eting the determination of the eÆieny of eventreonstrution and event seletion (+3�1%).� trak reonstrution unertainties (+5�0:5%).� assumptions onerning the details of the simulation of the hadroni �nal state (+7%).� an unertainty about the size of the ontribution of di�rative events (+2�1%). This wasestimated by varying the �max ut by �0:2 units.Further details an be found elsewhere [32℄. All individual unertainties were added inquadrature.6 Results6.1 Saled momentum spetraSaled momentum spetra were measured in the urrent region in the Breit frame as afuntion of Q2 in the kinemati range 160 < Q2 < 40960 GeV2 and 0:002 < x < 0:75.Results are presented in Figs. 1{4 and Tables 2{9. Also shown in Figs. 1{4 are previously6



published results for 10 < Q2 < 160 GeV2. In addition, in Fig. 1 data from a previousZEUS publiation [2℄ are given for 160 < Q2 < 320 GeV2. They agree well with themeasurements presented here. The same is true for previously obtained results up toQ2 = 5120 GeV2 whih are not shown.The normalised spetrum, 1=N dn�=d ln(1=xp), with N being the number of events andn� being the number of harged partiles, is shown in Figs. 1{2. These saled momentumspetra exhibit a hump-baked form with an approximately Gaussian shape around thepeak. The mean harged multipliities are given by the integrals of the spetra. As Q2inreases, the multipliity inreases and, in addition, the peak of the spetrum moves tolarger values of ln(1=xp).In Fig. 1, the preditions of Ariadne and Lepto are ompared to the data. Theyreprodue the main features of the data but do not agree in detail. For the highestQ2bin, both models predit too many harged partiles at medium and low values of ln(1=xp).Lepto also predits too many partiles for medium-Q2 bins while Ariadne predits toofew for low-Q2 bins.In Fig. 2, the MLLA+LPHD preditions [6, 12℄ are ompared to the data. Too manypartiles are predited for the highest- and lowest-Q2 bins, while at medium Q2 the datais reasonably well desribed. At low Q2, the observed partile de�it an be interpretedas a signi�ant migration of partiles to the target region of the Breit frame; this wasalso previously observed [1℄. At medium Q2, the agreement is surprising, beause BGFontributes signi�antly to the ross setion and the observed partiles should reet theq�q �nal state whih is not inluded in the predition. At the highest Q2 available, thefailure of the MLLA predition probably reets the fat that the e+e� data used toobtain the input parameters are dominated by Z0 exhange while, in ep ollisions, photonexhange still dominates.The MLLA+LPHD alulations predit long tails towards large values of ln(1=xp) overthe omplete range of Q2. These tails are sensitive to the mass orretion applied inthe alulation [13, 49℄. The data do not show suh tails in the predited size. A betterdesription of the large ln(1=xp) region is obtained if me� = Q0 = 0:9�e� is taken insteadof me� = Q0 = �e� .6.2 Saling violationAs the energy sale, Q, inreases, the phase spae for soft gluon radiation inreases,leading to a rise of the number of soft partiles with small xp. These saling violationsan be seen when the data are plotted in bins of xp as a funtion of Q2. Figure 3 andTables 7{9 show that the number of harged partiles inreases with Q2 at low xp and7



dereases with Q2 at high xp. Neither Lepto nor Ariadne provides a good desriptionof this Q2 dependene over the whole range of xp.Figure 4 shows the data together with four NLO+FF QCD preditions [8{11℄ for xp > 0:1,where theoretial unertainties are small and the preditions not too strongly a�eted byhadron-mass e�ets whih are not inluded in the alulations [34℄. The fragmentationfuntions (FF) used in all four alulations were extrated from e+e� data. The fourpreditions are similar in shape and have similar unertainties. The unertainties areonly illustrated for the alulation of Kretzer [8℄. The NLO alulations also do notprovide a good desription of the data. Too many partiles are predited at small xp andtoo few at large xp. In general, the saling violations predited are not strong enough.Figure 5 shows the same data as Fig. 4 together with results from H1 [3℄ and from e+e�experiments [14℄. For a proper omparison, the the partile momenta from e+e� datawere saled to half of the entre-of-mass energy as disussed in the introdution and thesale was set to Q = 2 Ebeam, where Ebeam is the beam energy. In addition, orretions forthe di�erent treatment of K0 and � deays were applied. The overall agreement betweenthe di�erent data sets supports fragmentation universality. The presentation of the datausing a linear sale as presented in Fig. 6 does, however, show some signi�ant di�erenesbetween e+e� and ep, in partiular around the Z0 mass at 0:02 < xp < 0:2 and at low Q2at 0:1 < xp < 0:2.6.3 Limiting fragmentationThe onept of limiting fragmentation [16℄ is based on the assumption that a Lorentz-ontrated objet passes through another objet at rest, leaving behind an exited statewith properties depending neither on the energy nor the identity of the passing objet.This exited state fragments into partiles in a restrited window of rapidity, alled thelimiting-fragmentation region. In this region, the limiting-fragmentation hypothesis pre-dits that the density of harged partiles per unit of rapidity depends only on W .Limiting fragmentation has been observed in a variety of hadroni ollisions [50, 51℄,inluding nuleus-nuleus interations [17℄. It was observed that in the region of limitingfragmentation the partile density inreases linearly with the rapidity before reahing aplateau. The slope of the inrease did not show a W dependene, but the height of theplateau inreased with W . These features are illustrated in Fig. 7. Bialas and Jezabek [52℄proposed a statistial model to explain the missing W dependene of the slopes. In thismodel, soft partile prodution in hadroni ollisions is desribed in terms of multiplegluon exhanges between partons of the olliding hadrons and by the subsequent radiationof hadroni lusters. 8



The appliation of the limiting-fragmentation hypothesis to e+e� annihilations is notstraight-forward. However, again a behaviour as illustrated in Fig. 7 was observed, onlyin this ase the slopes inrease with W [51, 53℄.In the ase of ep ollisions, the passing objet is the proton while the virtual photonexhanged in the interation is the objet \at rest". It is assumed to be the exitedhadron whih fragments [53℄.Figures 8{9 and Tables 10{15 present the density of harged partiles per unit of pseu-dorapidity, �Breit, for 10 < Q2 < 10240 GeV2 in bins of Q2 and W as listed in Table 1.A region of linear rise and the onset of a plateau are observed in all bins. This supportsthe appliability of the hypothesis of limiting fragmentation to the ase of ep ollisions.However, for low Q2, the plateau is only reahed in the target region, �Breit > 0.The slopes in the region of linear rise do not depend signi�antly on either Q2 or W , asalso demonstrated in Figs. 10 and 11. The lak of a W dependene indiates that themodel of Bialas and Jezabek is also appliable for ep ollisions.Figures. 8 and 9 also show preditions from Ariadne and Lepto. Overall, Ariadneprovides reasonable preditions for the whole range in Q2 and W . Lepto, however,predits a sizeable inrease in the height of the plateau with Q2 and W whih is notobserved in the data. The preditions in the plateau region are sensitive to the inputparameters used in the fragmentation funtions. The usage of input parameters derivedfrom SMC data [54℄ in Lepto results in the predition of a softer spetrum, reeted ina harged-partile density of up to 30 % too high.The hypothesis of limiting fragmentation was further tested by studying the harged-partile densities in the rest frame of the fragmenting objet, i.e. the virtual photon. The�Breit distributions were rebinned by shifting event by event all entries by lnQ=m� , thussaling the available energy to the pion mass. The resulting distributions are shown inFig. 11. The distributions are very similar but for Q2 > 160 GeV2 a slightly larger slopeis observed. This is a region where the BGF ontribution is dereasing. In general, theobservations support the hypothesis of limiting fragmentation and the model of Bialasand Jezabek. This indiates that, even at high Q2, soft proesses are involved in thefragmentation and a statistial approah is justi�ed.7 ConlusionsSaled momentum spetra have been measured in NC DIS for the urrent region in theBreit frame over the large range of Q2 from 10 GeV2 to 40960 GeV2. Large saling viola-tions are observed. Comparing the data to e+e� results generally supports the onept of9



quark-fragmentation universality. Neither MLLA+LPHD nor NLO+FF alulations de-sribe the data well. A better, albeit not prefet desription is provided by the Ariadneprogram.The limiting-fragmentation hypothesis and the statistial model of Bialas and Jezabekwere tested by studying the density of harged partiles as a funtion of the pseudorapidity,�Breit, over the range of 10 < Q2 < 10240 GeV2. A region of linear rise and the onset of aplateau are observed over the whole range in Q2 and support the limiting fragmentationhypothesis. The independene of the slopes on W supports the statistial approah ofBialas and Jezabek.AknowledgmentsWe appreiate the ontributions to the onstrution and maintenane of the ZEUS de-tetor of many people who are not listed as authors. The HERA mahine group and theDESY omputing sta� are espeially aknowledged for their suess in providing exel-lent operation of the ollider and the data analysis environment. We thank the DESYdiretorate for their strong support and enouragement. We thank W. Khoze, W. Ohs,R. Sassot, A. Bia las and M. Je_zabek for fruitful disussions. We espeially would like tothank S. Albino for providing the QCD alulations and for instrutive disussions.
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Q2DA (GeV2) saled momenta limiting fragmentationxDA no. of events W (GeV) no. of events10 { 30 | | 80 { 160 1 142 10230 { 160 | | 80 { 200 1 185 843160 { 320 0:0024 { 0:0500 684 077 80 { 240 584 578320 { 640 0:0100 { 0:0500 170 784 120 { 240 152 367640 { 1280 72 268 120 { 280 75 1761280 { 2560 0:025 { 0:15 31 608 120 { 280 29 9492560 { 5120 0:05 { 0:25 10 858 160 { 280 8 0315120 { 10240 0:05 { 0:50 4 748 160 { 280 2 91410240 { 20480 1 197 | |20480 { 40960 0:05 { 0:75 205 | |Table 1: Number of aepted events in (Q2,x) bins for the saled momentum analysisand in (W ,Q2) bins for limiting-fragmentation studies.
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ln(1=xp) 160 < Q2 < 320 GeV2 320 < Q2 < 640 GeV20.00 { 0.25 0.0319 � 0.0005+0:0011�0:0012 0.0259 � 0.0009+0:0009�0:00100.25 { 0.50 0.1156 � 0.0011+0:0041�0:0039 0.101 � 0.002+0:003�0:0040.50 { 0.75 0.2573 � 0.0016+0:0079�0:0079 0.232 � 0.003+0:010�0:0070.75 { 1.00 0.451 � 0.002+0:014�0:014 0.419 � 0.004+0:015�0:0121.00 { 1.25 0.695 � 0.003+0:022�0:021 0.654 � 0.005+0:026�0:0191.25 { 1.50 0.959 � 0.003+0:030�0:028 0.925 � 0.006+0:031�0:0261.50 { 1.75 1.216 � 0.004+0:039�0:037 1.191 � 0.007+0:039�0:0341.75 { 2.00 1.437 � 0.004+0:044�0:044 1.440 � 0.008+0:044�0:0442.00 { 2.25 1.587 � 0.004+0:051�0:049 1.658 � 0.008+0:054�0:0472.25 { 2.50 1.643 � 0.004+0:051�0:051 1.772 � 0.008+0:056�0:0512.50 { 2.75 1.599 � 0.004+0:050�0:049 1.861 � 0.008+0:056�0:0532.75 { 3.00 1.459 � 0.004+0:049�0:044 1.829 � 0.008+0:055�0:0533.00 { 3.25 1.215 � 0.003+0:038�0:038 1.673 � 0.008+0:056�0:0493.25 { 3.50 0.927 � 0.003+0:028�0:036 1.398 � 0.007+0:043�0:0423.50 { 3.75 0.649 � 0.002+0:021�0:036 1.087 � 0.006+0:033�0:0333.75 { 4.00 0.4209 � 0.0019+0:0127�0:0277 0.778 � 0.005+0:026�0:0284.00 { 4.25 0.2561 � 0.0015+0:0078�0:0219 0.517 � 0.004+0:018�0:0254.25 { 4.50 0.1473 � 0.0011+0:0047�0:0141 0.317 � 0.003+0:010�0:0174.50 { 4.75 0.0842 � 0.0009+0:0032�0:0081 0.184 � 0.002+0:006�0:0134.75 { 5.00 0.0474 � 0.0007+0:0016�0:0045 0.1079 � 0.0019+0:0032�0:00615.00 { 5.25 0.0266 � 0.0006+0:0008�0:0022 0.0598 � 0.0015+0:0024�0:00465.25 { 5.50 0.0167 � 0.0006+0:0007�0:0025 0.0356 � 0.0013+0:0011�0:00215.50 { 5.75 0.0102 � 0.0006+0:0014�0:0017 0.0208 � 0.0012+0:0011�0:00195.75 { 6.00 0.0069 � 0.0008+0:0008�0:0040 0.0126 � 0.0012+0:0011�0:00416.00 { 6.25 0.0040 � 0.0011+0:0015�0:0051 0.0092 � 0.0016+0:0033�0:00126.25 { 6.50 0.008 � 0.007+0:002�0:004 0.004 � 0.002+0:031�0:008Table 2: The bin-averaged saled momentum spetra, 1=N dn�=d ln(1=xp), for160 < Q2 < 640 GeV 2. The �rst unertainty is statistial, the seond systemati.
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ln(1=xp) 640 < Q2 < 1280 GeV2 1280 < Q2 < 2560 GeV20.00 { 0.25 0.0228 � 0.0013+0:0017�0:0014 0.0236 � 0.0016+0:0014�0:00130.25 { 0.50 0.086 � 0.003+0:006�0:006 0.087 � 0.004+0:003�0:0040.50 { 0.75 0.218 � 0.004+0:007�0:011 0.199 � 0.006+0:011�0:0060.75 { 1.00 0.371 � 0.006+0:013�0:011 0.368 � 0.009+0:023�0:0111.00 { 1.25 0.597 � 0.007+0:018�0:022 0.577 � 0.011+0:032�0:0161.25 { 1.50 0.857 � 0.009+0:027�0:031 0.840 � 0.014+0:035�0:0241.50 { 1.75 1.121 � 0.010+0:034�0:037 1.098 � 0.015+0:039�0:0321.75 { 2.00 1.346 � 0.011+0:041�0:044 1.325 � 0.017+0:052�0:0392.00 { 2.25 1.598 � 0.012+0:048�0:050 1.535 � 0.017+0:063�0:0442.25 { 2.50 1.780 � 0.013+0:053�0:058 1.779 � 0.018+0:060�0:0512.50 { 2.75 1.920 � 0.013+0:056�0:058 1.928 � 0.019+0:069�0:0562.75 { 3.00 2.027 � 0.013+0:061�0:060 2.135 � 0.019+0:082�0:0613.00 { 3.25 1.995 � 0.013+0:060�0:066 2.152 � 0.019+0:077�0:0633.25 { 3.50 1.816 � 0.012+0:054�0:055 2.121 � 0.018+0:073�0:0633.50 { 3.75 1.575 � 0.011+0:047�0:068 1.953 � 0.017+0:078�0:0583.75 { 4.00 1.241 � 0.009+0:040�0:037 1.705 � 0.016+0:054�0:0524.00 { 4.25 0.901 � 0.008+0:028�0:037 1.412 � 0.014+0:046�0:0424.25 { 4.50 0.603 � 0.006+0:020�0:022 1.038 � 0.012+0:038�0:0334.50 { 4.75 0.376 � 0.005+0:012�0:028 0.731 � 0.010+0:027�0:0334.75 { 5.00 0.232 � 0.004+0:007�0:012 0.463 � 0.007+0:019�0:0265.00 { 5.25 0.133 � 0.003+0:004�0:009 0.288 � 0.006+0:009�0:0185.25 { 5.50 0.070 � 0.002+0:002�0:004 0.163 � 0.005+0:005�0:0095.50 { 5.75 0.047 � 0.002+0:002�0:002 0.097 � 0.004+0:006�0:0065.75 { 6.00 0.023 � 0.002+0:002�0:003 0.049 � 0.003+0:002�0:0066.00 { 6.25 0.013 � 0.002+0:003�0:002 0.026 � 0.003+0:004�0:0076.25 { 6.50 0.007 � 0.003+0:006�0:016 0.017 � 0.004+0:005�0:0066.50 { 6.75 0.024 � 0.022+0:006�0:001 0.011 � 0.006+0:010�0:013Table 3: The bin-averaged saled momentum spetra, 1=N dn�=d ln(1=xp), for640 < Q2 < 2560 GeV 2. The �rst unertainty is statistial, the seond systemati.
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ln(1=xp) 2560 < Q2 < 5120 GeV2 5120 < Q2 < 10240 GeV20.00 { 0.25 0.0246 � 0.0028+0:0036�0:0011 0.0261 � 0.0044+0:0033�0:00190.25 { 0.50 0.105 � 0.008+0:005�0:003 0.075 � 0.010+0:008�0:0030.50 { 0.75 0.210 � 0.012+0:014�0:006 0.178 � 0.017+0:018�0:0040.75 { 1.00 0.362 � 0.016+0:031�0:011 0.362 � 0.026+0:044�0:0101.00 { 1.25 0.58 � 0.02+0:03�0:02 0.630 � 0.035+0:055�0:0181.25 { 1.50 0.78 � 0.02+0:03�0:02 0.700 � 0.037+0:069�0:0191.50 { 1.75 1.06 � 0.03+0:07�0:03 1.02 � 0.04+0:11�0:031.75 { 2.00 1.32 � 0.03+0:08�0:04 1.28 � 0.05+0:09�0:032.00 { 2.25 1.49 � 0.03+0:10�0:04 1.54 � 0.05+0:14�0:042.25 { 2.50 1.73 � 0.03+0:08�0:05 1.87 � 0.06+0:15�0:062.50 { 2.75 1.95 � 0.03+0:11�0:06 2.01 � 0.05+0:14�0:062.75 { 3.00 2.20 � 0.04+0:11�0:06 2.16 � 0.05+0:14�0:063.00 { 3.25 2.22 � 0.03+0:11�0:06 2.35 � 0.05+0:12�0:073.25 { 3.50 2.25 � 0.03+0:09�0:07 2.40 � 0.05+0:13�0:073.50 { 3.75 2.27 � 0.03+0:11�0:07 2.53 � 0.05+0:14�0:083.75 { 4.00 2.13 � 0.03+0:09�0:07 2.48 � 0.05+0:15�0:084.00 { 4.25 1.90 � 0.03+0:07�0:06 2.39 � 0.05+0:13�0:084.25 { 4.50 1.51 � 0.02+0:05�0:06 2.06 � 0.04+0:12�0:064.50 { 4.75 1.17 � 0.02+0:04�0:05 1.78 � 0.04+0:08�0:064.75 { 5.00 0.828 � 0.017+0:030�0:043 1.45 � 0.04+0:10�0:085.00 { 5.25 0.547 � 0.014+0:019�0:035 0.97 � 0.03+0:06�0:075.25 { 5.50 0.345 � 0.011+0:012�0:040 0.67 � 0.02+0:05�0:055.50 { 5.75 0.188 � 0.009+0:008�0:020 0.388 � 0.018+0:041�0:0515.75 { 6.00 0.126 � 0.008+0:005�0:023 0.269 � 0.017+0:022�0:0276.00 { 6.25 0.077 � 0.008+0:004�0:005 0.126 � 0.015+0:024�0:0226.25 { 6.50 0.033 � 0.007+0:004�0:009 0.112 � 0.018+0:022�0:0136.50 { 6.75 0.027 � 0.010+0:001�0:017 0.058 � 0.019+0:016�0:011Table 4: The bin-averaged saled momentum spetra, 1=N dn�=d ln(1=xp), for2560 < Q2 < 10240 GeV 2. The �rst unertainty is statistial, the seond system-ati.
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ln(1=xp) 10240 < Q2 < 20480 GeV20.0 { 0.5 0.062 � 0.011+0:007�0:0010.5 { 1.0 0.220 � 0.028+0:039�0:0061.0 { 1.5 0.570 � 0.047+0:087�0:0171.5 { 2.0 1.12 � 0.07+0:15�0:042.0 { 2.5 1.37 � 0.07+0:19�0:042.5 { 3.0 2.12 � 0.08+0:20�0:063.0 { 3.5 2.60 � 0.08+0:18�0:103.5 { 4.0 2.56 � 0.07+0:19�0:084.0 { 4.5 2.60 � 0.07+0:18�0:094.5 { 5.0 2.16 � 0.06+0:14�0:085.0 { 5.5 1.36 � 0.05+0:07�0:065.5 { 6.0 0.66 � 0.03+0:04�0:046.0 { 6.5 0.25 � 0.03+0:03�0:026.5 { 7.0 0.04 � 0.02+0:04�0:02Table 5: The bin-averaged saled momentum spetra, 1=N dn�=d ln(1=xp), for10240 < Q2 < 20480 GeV 2. The �rst unertainty is statistial, the seond system-ati.
ln(1=xp) 20480 < Q2 < 40960 GeV20.0 { 1.0 0.13 � 0.04+0:03�0:031.0 { 2.0 0.85 � 0.10+0:10�0:032.0 { 3.0 1.51 � 0.12+0:22�0:053.0 { 4.0 2.31 � 0.13+0:27�0:084.0 { 5.0 2.43 � 0.11+0:24�0:115.0 { 6.0 1.32 � 0.07+0:17�0:106.0 { 7.0 0.33 � 0.05+0:07�0:05Table 6: The bin-averaged saled momentum spetra, 1=N dn�=d ln(1=xp), for20480 < Q2 < 40960 GeV 2. The �rst unertainty is statistial, the seond system-ati.
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< Q2 >, GeV2 0 < xp < 0:02218 9:32� 0:03+0:29�0:75440 19:10� 0:09+0:59�0:86871 35:53� 0:18+1:08�1:471767 61:3� 0:3+2:1�2:03530 93:6� 0:7+3:2�3:76870 140:1� 1:3+8:1�5:913380 191� 3+11�625700 218� 7+23�11< Q2 >, GeV2 0:02 < xp < 0:05218 25:86� 0:04+0:80�0:94440 39:34� 0:11+1:23�1:18871 52:15� 0:18+1:55�1:631767 61:6� 0:3+2:1�1:83530 68:3� 0:5+2:9�2:06870 74:6� 0:8+4:0�2:313380 78:6� 1:7+5:6�2:725700 69� 4+8�2< Q2 >, GeV2 0:05 < xp < 0:1218 19:79� 0:03+0:63�0:61440 25:34� 0:07+0:78�0:74871 26:67� 0:11+0:78�0:791767 27:20� 0:16+0:98�0:793530 27:6� 0:3+1:3�0:86870 28:0� 0:5+2:0�0:813380 26:8� 0:9+2:9�0:725700 23:3� 2:1+2:8�0:8Table 7: The number of harged partiles per event and unit of xp, 1=N n�=�xp,as a funtion of Q2 in bins of xp with widths �xp. The �rst unertainty is statistial,the seond systemati.
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< Q2 >, GeV2 0:1 < xp < 0:2218 9:338� 0:015+0:30�0:29440 10:39� 0:03+0:32�0:30871 9:92� 0:05+0:30�0:321767 9:68� 0:07+0:38�0:283530 9:51� 0:13+0:63�0:286870 9:6� 0:2+0:8�0:313380 8:5� 0:4+1:2�0:325700 7:9� 0:9+1:3�0:3< Q2 >, GeV2 0:2 < xp < 0:3218 4:03� 0:01+0:13�0:12440 3:89� 0:02+0:14�0:11871 3:60� 0:03+0:11�0:121767 3:52� 0:04+0:13�0:103530 3:29� 0:08+0:19�0:106870 3:06� 0:12+0:33�0:0913380 2:87� 0:24+0:37�0:0825700 3:1� 0:6+0:5�0:3< Q2 >, GeV2 0:3 < xp < 0:4218 1:806� 0:007+0:057�0:053440 1:717� 0:013+0:070�0:050871 1:515� 0:019+0:047�0:0461767 1:49� 0:03+0:08�0:043530 1:51� 0:05+0:09�0:056870 1:65� 0:09+0:14�0:0413380 1:33� 0:16+0:18�0:1225700 0:7� 0:3+0:6�0:4Table 8: The number of harged partiles per event and unit of xp, 1=N n�=�xp,as a funtion of Q2 in bins of xp with widths �xp. The �rst unertainty is statistial,the seond systemati.
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< Q2 >, GeV2 0:4 < xp < 0:5218 0:868� 0:005+0:028�0:027440 0:785� 0:009+0:031�0:023871 0:716� 0:013+0:022�0:0251767 0:721� 0:019+0:040�0:0213530 0:692� 0:036+0:053�0:0216870 0:714� 0:057+0:081�0:01813380 0:392� 0:086+0:089�0:01325700 0:68� 0:34+0:19�0:16< Q2 >, GeV2 0:5 < xp < 0:7218 0:329� 0:002+0:010�0:010440 0:295� 0:004+0:009�0:008871 0:269� 0:006+0:009�0:0101767 0:249� 0:008+0:015�0:0073530 0:277� 0:015+0:016�0:0086870 0:197� 0:020+0:024�0:00613380 0:257� 0:045+0:054�0:00625700 0:33� 0:15+0:11�0:07< Q2 >, GeV2 0:7 < xp < 1:0218 0:056� 0:001+0:002�0:002440 0:046� 0:001+0:001�0:001871 0:041� 0:002+0:001�0:0021767 0:042� 0:002+0:001�0:0033530 0:049� 0:004+0:004�0:0016870 0:043� 0:006+0:003�0:00213380 0:054� 0:012+0:007�0:00225700 0:013� 0:013+0:002�0:021Table 9: The number of harged partiles per event and unit of xp, 1=N n�=�xp,as a funtion of Q2 in bins of xp with widths �xp. The �rst unertainty is statistial,the seond systemati.
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�Breit 160 < W < 200 GeV 200 < W < 240 GeV 240 < W < 280 GeV-5.5 { -5.2 0.15 � 0.11 +0:06�0:06 0.054 � 0.027 +0:030�0:006 0.017 � 0.012 +0:015�0:014-5.2 { -4.9 0.14 � 0.08 +0:14�0:05 0.04 � 0.02 +0:04�0:03 0.027 � 0.016 +0:017�0:053-4.9 { -4.6 0.07 � 0.03 +0:04�0:06 0.08 � 0.03 +0:04�0:02 0.068 � 0.024 +0:045�0:018-4.6 { -4.3 0.15 � 0.04 +0:05�0:04 0.22 � 0.04 +0:11�0:07 0.16 � 0.03 +0:09�0:08-4.3 { -4.0 0.25 � 0.05 +0:07�0:09 0.20 � 0.04 +0:07�0:04 0.23 � 0.04 +0:06�0:08-4.0 { -3.7 0.33 � 0.06 +0:01�0:12 0.42 � 0.06 +0:17�0:04 0.28 � 0.04 +0:09�0:10-3.7 { -3.4 0.51 � 0.07 +0:14�0:11 0.61 � 0.06 +0:24�0:08 0.54 � 0.05 +0:14�0:11-3.4 { -3.1 0.97 � 0.09 +0:17�0:12 0.92 � 0.08 +0:15�0:10 0.64 � 0.06 +0:10�0:14-3.1 { -2.8 1.31 � 0.10 +0:22�0:16 1.07 � 0.08 +0:27�0:12 0.96 � 0.07 +0:15�0:15-2.8 { -2.5 1.54 � 0.10 +0:21�0:17 1.37 � 0.08 +0:22�0:10 1.36 � 0.08 +0:16�0:20-2.5 { -2.2 1.88 � 0.10 +0:09�0:15 1.60 � 0.09 +0:20�0:23 1.72 � 0.09 +0:24�0:24-2.2 { -1.9 2.05 � 0.10 +0:11�0:19 2.01 � 0.09 +0:25�0:16 2.09 � 0.09 +0:37�0:17-1.9 { -1.6 2.34 � 0.10 +0:16�0:14 2.28 � 0.09 +0:27�0:19 2.46 � 0.10 +0:38�0:17-1.6 { -1.3 2.42 � 0.10 +0:13�0:19 2.47 � 0.09 +0:32�0:14 2.54 � 0.10 +0:13�0:19-1.3 { 1.0 2.30 � 0.09 +0:10�0:18 2.63 � 0.09 +0:32�0:20 2.81 � 0.10 +0:33�0:41-1.0 { -0.7 2.52 � 0.09 +0:20�0:14 2.82 � 0.09 +0:32�0:24 2.98 � 0.11 +0:27�0:25-0.7 { -0.4 2.67 � 0.09 +0:29�0:12 2.68 � 0.09 +0:18�0:29 2.94 � 0.11 +0:23�0:28-0.4 { -0.1 2.41 � 0.09 +0:36�0:09 2.66 � 0.09 +0:29�0:27 2.82 � 0.10 +0:34�0:28-0.1 { 0.2 2.46 � 0.08 +0:34�0:09 2.81 � 0.10 +0:32�0:180.2 { 0.5 2.81 � 0.10 +0:46�0:15 2.80 � 0.10 +0:26�0:290.5 { 0.8 3.08 � 0.11 +0:53�0:33Table 10: The harged-partile density, 1=N dn�=d�Breit, for 5120 < Q2 <10240 GeV 2 and 3 bins in W . The �rst unertainty is statistial, the seondsystemati.
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�Breit 160 < W < 200 GeV 200 < W < 240 GeV 240 < W < 280 GeV-4.6 { -4.3 0.112 � 0.019 +0:042�0:012 0.074 � 0.015 +0:019�0:028 0.069 � 0.014 +0:050�0:031-4.3 { -4.0 0.16 � 0.02 +0:04�0:03 0.15 � 0.02 +0:07�0:01 0.095 � 0.015 +0:041�0:024-4.0 { -3.7 0.24 � 0.03 +0:07�0:02 0.19 � 0.02 +0:08�0:03 0.19 � 0.02 +0:05�0:03-3.7 { -3.4 0.35 � 0.03 +0:05�0:04 0.34 � 0.03 +0:05�0:02 0.30 � 0.03 +0:08�0:03-3.4 { -3.1 0.71 � 0.04 +0:14�0:12 0.57 � 0.04 +0:08�0:05 0.52 � 0.03 +0:07�0:07-3.1 { -2.8 0.86 � 0.04 +0:11�0:07 0.94 � 0.04 +0:10�0:11 0.70 � 0.04 +0:08�0:06-2.8 { -2.5 1.31 � 0.05 +0:13�0:11 1.16 � 0.05 +0:16�0:07 1.08 � 0.05 +0:13�0:10-2.5 { -2.2 1.59 � 0.05 +0:11�0:12 1.60 � 0.05 +0:18�0:07 1.43 � 0.05 +0:14�0:09-2.2 { -1.9 1.78 � 0.05 +0:06�0:20 1.80 � 0.06 +0:12�0:13 1.72 � 0.05 +0:13�0:17-1.9 { -1.6 2.15 � 0.06 +0:12�0:15 2.11 � 0.06 +0:11�0:24 2.11 � 0.06 +0:22�0:15-1.6 { -1.3 2.28 � 0.06 +0:07�0:24 2.37 � 0.06 +0:16�0:18 2.32 � 0.06 +0:13�0:16-1.3 { -1.0 2.28 � 0.05 +0:09�0:22 2.50 � 0.06 +0:13�0:21 2.45 � 0.06 +0:13�0:17-1.0 { -0.7 2.30 � 0.05 +0:13�0:24 2.64 � 0.06 +0:23�0:14 2.63 � 0.06 +0:12�0:17-0.7 { -0.4 2.46 � 0.05 +0:10�0:17 2.62 � 0.06 +0:21�0:20 2.85 � 0.07 +0:27�0:23-0.4 { -0.1 2.41 � 0.05 +0:25�0:16 2.77 � 0.06 +0:19�0:23 2.82 � 0.06 +0:19�0:26-0.1 { 0.2 2.55 � 0.06 +0:17�0:24 2.66 � 0.06 +0:20�0:210.2 { 0.5 2.77 � 0.06 +0:29�0:15 2.86 � 0.06 +0:31�0:230.5 { 0.8 2.71 � 0.07 +0:30�0:31 3.16 � 0.07 +0:52�0:200.8 { 1.1 2.92 � 0.07 +0:58�0:15Table 11: The harged-partile density, 1=N dn�=d�Breit, for 2560 < Q2 <5120 GeV 2 and 3 bins in W . The �rst unertainty is statistial, the seond sys-temati.
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�Breit 120 < W < 160 GeV 160 < W < 200 GeV 200 < W < 240 GeV 240 < W < 280 GeV-4.3 { -4.0 0.103 � 0.010 +0:052�0:014 0.071 � 0.008 +0:013�0:016 0.071 � 0.008 +0:013�0:018 0.057 � 0.007 +0:022�0:011-4.0 { -3.7 0.170 � 0.013 +0:010�0:036 0.161 � 0.012 +0:022�0:025 0.127 � 0.010 +0:025�0:027 0.088 � 0.008 +0:025�0:010-3.7 { -3.4 0.268 � 0.016 +0:043�0:034 0.264 � 0.015 +0:046�0:034 0.218 � 0.013 +0:030�0:036 0.203 � 0.012 +0:028�0:011-3.4 { -3.1 0.53 � 0.02 +0:10�0:05 0.414 � 0.018 +0:070�0:032 0.359 � 0.017 +0:032�0:035 0.300 � 0.014 +0:053�0:035-3.1 { -2.8 0.73 � 0.02 +0:07�0:03 0.65 � 0.02 +0:07�0:04 0.61 � 0.02 +0:10�0:04 0.524 � 0.019 +0:055�0:029-2.8 { -2.5 1.02 � 0.03 +0:12�0:06 0.93 � 0.03 +0:08�0:05 0.81 � 0.02 +0:06�0:08 0.77 � 0.02 +0:03�0:07-2.5 { -2.2 1.41 � 0.03 +0:20�0:09 1.28 � 0.03 +0:05�0:07 1.19 � 0.03 +0:10�0:06 1.09 � 0.03 +0:07�0:09-2.2 { -1.9 1.67 � 0.03 +0:13�0:09 1.62 � 0.03 +0:12�0:06 1.50 � 0.03 +0:09�0:09 1.42 � 0.03 +0:08�0:08-1.9 { -1.6 1.93 � 0.03 +0:15�0:09 1.92 � 0.03 +0:08�0:12 1.85 � 0.03 +0:10�0:08 1.74 � 0.03 +0:09�0:10-1.6 { -1.3 2.09 � 0.03 +0:10�0:11 2.11 � 0.03 +0:09�0:08 2.08 � 0.03 +0:16�0:11 2.04 � 0.03 +0:13�0:15-1.3 { -1.0 2.21 � 0.03 +0:09�0:13 2.33 � 0.03 +0:14�0:11 2.26 � 0.04 +0:12�0:07 2.25 � 0.04 +0:13�0:13-1.0 { -0.7 2.24 � 0.03 +0:11�0:09 2.42 � 0.03 +0:10�0:09 2.41 � 0.04 +0:10�0:12 2.45 � 0.04 +0:24�0:14-0.7 { -0.4 2.28 � 0.03 +0:10�0:10 2.53 � 0.03 +0:09�0:11 2.60 � 0.04 +0:19�0:13 2.62 � 0.04 +0:23�0:13-0.4 { -0.1 2.31 � 0.03 +0:18�0:11 2.65 � 0.03 +0:24�0:09 2.64 � 0.04 +0:13�0:14 2.68 � 0.04 +0:36�0:12-0.1 { 0.2 2.60 � 0.03 +0:21�0:09 2.66 � 0.04 +0:15�0:09 2.68 � 0.04 +0:23�0:140.2 { 0.5 2.54 � 0.03 +0:16�0:10 2.81 � 0.04 +0:18�0:16 2.95 � 0.04 +0:38�0:110.5 { 0.8 2.43 � 0.04 +0:18�0:12 2.52 � 0.04 +0:16�0:32 3.08 � 0.04 +0:44�0:130.8 { 1.1 2.54 � 0.04 +0:25�0:33 2.88 � 0.04 +0:32�0:321.1 { 1.3 2.79 � 0.04 +0:26�0:32Table 12: The harged-partile density, 1=N dn�=d�Breit, for 1280 < Q2 <2560 GeV 2 and 4 bins in W . The �rst unertainty is statistial, the seond sys-temati.
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�Breit 120 < W < 160 GeV 160 < W < 200 GeV 200 < W < 240 GeV 240 < W < 280 GeV-4.0 { -3.7 0.086 � 0.006 +0:014�0:016 0.087 � 0.006 +0:008�0:014 0.073 � 0.005 +0:014�0:008 0.069 � 0.005 +0:022�0:006-3.7 { -3.4 0.185 � 0.008 +0:032�0:018 0.159 � 0.007 +0:020�0:007 0.138 � 0.007 +0:011�0:017 0.130 � 0.007 +0:021�0:031-3.4 { -3.1 0.301 � 0.010 +0:036�0:019 0.263 � 0.009 +0:038�0:033 0.238 � 0.009 +0:040�0:008 0.224 � 0.009 +0:020�0:015-3.1 { -2.8 0.476 � 0.013 +0:036�0:034 0.444 � 0.012 +0:059�0:018 0.387 � 0.011 +0:027�0:026 0.364 � 0.012 +0:049�0:016-2.8 { -2.5 0.735 � 0.015 +0:040�0:062 0.683 � 0.015 +0:096�0:029 0.617 � 0.014 +0:035�0:027 0.559 � 0.014 +0:038�0:039-2.5 { -2.2 1.080 � 0.018 +0:086�0:052 0.950 � 0.017 +0:085�0:048 0.881 � 0.017 +0:056�0:048 0.874 � 0.018 +0:097�0:035-2.2 { -1.9 1.418 � 0.019 +0:128�0:058 1.283 � 0.019 +0:048�0:041 1.25 � 0.02 +0:10�0:05 1.22 � 0.02 +0:14�0:04-1.9 { -1.6 1.74 � 0.02 +0:16�0:06 1.62 � 0.02 +0:10�0:07 1.58 � 0.02 +0:19�0:06 1.54 � 0.02 +0:12�0:05-1.6 { -1.3 2.03 � 0.02 +0:18�0:09 1.92 � 0.02 +0:11�0:06 1.90 � 0.02 +0:16�0:11 1.86 � 0.02 +0:18�0:06-1.3 { -1.0 2.17 � 0.02 +0:08�0:07 2.15 � 0.02 +0:11�0:08 2.13 � 0.02 +0:19�0:07 2.15 � 0.03 +0:19�0:06-1.0 { -0.7 2.27 � 0.02 +0:14�0:09 2.29 � 0.02 +0:08�0:10 2.33 � 0.03 +0:17�0:08 2.31 � 0.03 +0:15�0:13-0.7 { -0.4 2.31 � 0.02 +0:11�0:08 2.43 � 0.02 +0:11�0:08 2.48 � 0.03 +0:17�0:08 2.43 � 0.03 +0:24�0:11-0.4 { -0.1 2.37 � 0.02 +0:11�0:09 2.48 � 0.02 +0:14�0:07 2.56 � 0.03 +0:24�0:12 2.50 � 0.03 +0:25�0:14-0.1 { 0.2 2.45 � 0.02 +0:21�0:07 2.55 � 0.02 +0:11�0:07 2.59 � 0.03 +0:21�0:11 2.59 � 0.03 +0:22�0:100.2 { 0.5 2.35 � 0.02 +0:18�0:08 2.51 � 0.02 +0:14�0:10 2.77 � 0.03 +0:25�0:13 2.78 � 0.03 +0:25�0:100.5 { 0.8 2.49 � 0.02 +0:10�0:11 2.58 � 0.02 +0:14�0:11 2.73 � 0.03 +0:22�0:150.8 { 1.1 2.57 � 0.03 +0:11�0:14 2.63 � 0.03 +0:21�0:161.1 { 1.4 2.59 � 0.03 +0:15�0:13 2.64 � 0.03 +0:11�0:14Table 13: The harged-partile density, 1=N dn�=d�Breit, for 640 < Q2 <1280 GeV 2 and 4 bins in W . The �rst unertainty is statistial, the seond sys-temati.
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�Breit 120 < W < 160 GeV 160 < W < 200 GeV 200 < W < 240 GeV-3.7 { -3.4 0.094 � 0.003 +0:013�0:011 0.083 � 0.003 +0:008�0:008 0.082 � 0.004 +0:010�0:013-3.4 { -3.1 0.168 � 0.005 +0:009�0:017 0.145 � 0.004 +0:013�0:012 0.134 � 0.004 +0:009�0:012-3.1 { -2.8 0.285 � 0.006 +0:019�0:018 0.246 � 0.006 +0:013�0:023 0.241 � 0.006 +0:014�0:013-2.8 { -2.5 0.451 � 0.007 +0:016�0:032 0.404 � 0.007 +0:015�0:019 0.395 � 0.007 +0:031�0:028-2.5 { -2.2 0.714 � 0.009 +0:039�0:033 0.646 � 0.009 +0:037�0:025 0.621 � 0.009 +0:024�0:029-2.2 { -1.9 1.022 � 0.010 +0:049�0:042 0.969 � 0.011 +0:052�0:040 0.915 � 0.011 +0:060�0:033-1.9 { -1.6 1.384 � 0.012 +0:084�0:049 1.335 � 0.012 +0:058�0:045 1.253 � 0.013 +0:065�0:051-1.6 { -1.3 1.702 � 0.013 +0:133�0:069 1.652 � 0.013 +0:099�0:077 1.618 � 0.014 +0:103�0:057-1.3 { -1.0 1.998 � 0.013 +0:133�0:051 1.936 � 0.014 +0:105�0:067 1.903 � 0.015 +0:102�0:052-1.0 { -0.7 2.192 � 0.013 +0:140�0:050 2.166 � 0.015 +0:121�0:066 2.129 � 0.016 +0:165�0:064-0.7 { -0.4 2.305 � 0.013 +0:158�0:054 2.350 � 0.015 +0:126�0:074 2.323 � 0.017 +0:095�0:068-0.4 { -0.1 2.356 � 0.013 +0:203�0:061 2.434 � 0.016 +0:101�0:071 2.422 � 0.018 +0:136�0:069-0.1 { 0.2 2.447 � 0.013 +0:241�0:065 2.536 � 0.015 +0:160�0:068 2.522 � 0.017 +0:175�0:0730.2 { 0.5 2.364 � 0.013 +0:169�0:071 2.549 � 0.015 +0:124�0:095 2.680 � 0.017 +0:230�0:0920.5 { 0.8 2.332 � 0.014 +0:139�0:069 2.505 � 0.015 +0:093�0:080 2.617 � 0.017 +0:120�0:1020.8 { 1.1 2.468 � 0.015 +0:097�0:081 2.591 � 0.016 +0:081�0:0801.1 { 1.4 2.500 � 0.016 +0:101�0:091 2.569 � 0.017 +0:071�0:105Table 14: The harged-partile density, 1=N dn�=d�Breit, for 320 < Q2 <640 GeV 2 and 3 bins in W . The �rst unertainty is statistial, the seond system-ati.
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�Breit 80 < W < 120 GeV 120 < W < 160 GeV 160 < W < 200 GeV 200 < W = 240 GeV-3.4 { -3.1 0.107 � 0.002 +0:007�0:007 0.092 � 0.002 +0:004�0:005 0.082 � 0.002 +0:003�0:005 0.079 � 0.002 +0:005�0:005-3.1 { -2.8 0.186 � 0.003 +0:006�0:010 0.155 � 0.002 +0:004�0:015 0.144 � 0.003 +0:008�0:012 0.136 � 0.003 +0:004�0:012-2.8 { -2.5 0.304 � 0.004 +0:010�0:011 0.270 � 0.003 +0:012�0:016 0.248 � 0.003 +0:011�0:015 0.233 � 0.004 +0:012�0:010-2.5 { -2.2 0.512 � 0.005 +0:017�0:020 0.436 � 0.004 +0:015�0:018 0.411 � 0.004 +0:011�0:017 0.386 � 0.005 +0:016�0:031-2.2 { -1.9 0.790 � 0.006 +0:023�0:030 0.695 � 0.005 +0:018�0:022 0.646 � 0.005 +0:020�0:020 0.609 � 0.006 +0:020�0:037-1.9 { -1.6 1.119 � 0.006 +0:045�0:042 0.992 � 0.006 +0:033�0:020 0.959 � 0.006 +0:034�0:032 0.902 � 0.007 +0:035�0:038-1.6 { -1.3 1.479 � 0.007 +0:108�0:058 1.349 � 0.007 +0:080�0:040 1.288 � 0.007 +0:049�0:034 1.242 � 0.008 +0:072�0:040-1.3 { -1.0 1.783 � 0.007 +0:173�0:056 1.679 � 0.007 +0:143�0:041 1.619 � 0.008 +0:078�0:048 1.568 � 0.009 +0:082�0:057-1.0 { -0.7 1.989 � 0.007 +0:167�0:054 1.947 � 0.008 +0:132�0:052 1.918 � 0.009 +0:104�0:056 1.880 � 0.010 +0:165�0:079-0.7 { -0.4 2.126 � 0.007 +0:197�0:059 2.140 � 0.008 +0:164�0:061 2.134 � 0.009 +0:145�0:060 2.120 � 0.011 +0:159�0:073-0.4 { -0.1 2.233 � 0.007 +0:223�0:066 2.277 � 0.008 +0:143�0:060 2.294 � 0.010 +0:183�0:065 2.288 � 0.011 +0:165�0:061-0.1 { 0.2 2.309 � 0.007 +0:242�0:066 2.421 � 0.008 +0:211�0:067 2.417 � 0.010 +0:173�0:052 2.424 � 0.011 +0:204�0:0700.2 { 0.5 2.190 � 0.008 +0:127�0:067 2.376 � 0.008 +0:140�0:056 2.513 � 0.010 +0:151�0:064 2.617 � 0.011 +0:258�0:0720.5 { 0.8 2.354 � 0.008 +0:098�0:068 2.485 � 0.009 +0:105�0:069 2.587 � 0.011 +0:151�0:0660.8 { 1.1 2.377 � 0.009 +0:135�0:070 2.501 � 0.009 +0:075�0:056 2.569 � 0.011 +0:114�0:0741.1 { 1.4 2.500 � 0.010 +0:070�0:070 2.587 � 0.011 +0:094�0:075Table 15: The harged-partile density, 1=N dn�=d�Breit, for 160 < Q2 <320 GeV 2 and 4 bins in W . The �rst unertainty is statistial, the seond system-ati.
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�Breit 80 < W < 120 GeV 120 < W < 160 GeV 160 < W < 200 GeV-4.0 { -3.7 0.034 � 0.002+0:001�0:002 0.033 � 0.002+0:002�0:002 0.027 � 0.002+0:002�0:001-3.7 { -3.4 0.057 � 0.002+0:003�0:001 0.053 � 0.003+0:002�0:003 0.049 � 0.003+0:002�0:002-3.4 { -3.1 0.093 � 0.003+0:003�0:001 0.086 � 0.003+0:002�0:001 0.084 � 0.004+0:004�0:004-3.1 { -2.8 0.158 � 0.004+0:005�0:004 0.141 � 0.004+0:007�0:002 0.138 � 0.004+0:004�0:004-2.8 { -2.5 0.254 � 0.005+0:006�0:005 0.248 � 0.005+0:006�0:004 0.214 � 0.005+0:004�0:004-2.5 { -2.2 0.413 � 0.006+0:012�0:008 0.361 � 0.006+0:011�0:005 0.339 � 0.006+0:007�0:006-2.2 { -1.9 0.600 � 0.007+0:019�0:010 0.542 � 0.007+0:012�0:008 0.530 � 0.008+0:007�0:011-1.9 { -1.6 0.856 � 0.008+0:023�0:013 0.796 � 0.009+0:012�0:008 0.773 � 0.009+0:009�0:012-1.6 { -1.3 1.140 � 0.009+0:025�0:010 1.084 � 0.010+0:008�0:011 1.034 � 0.011+0:016�0:011-1.3 { -1.0 1.424 � 0.010+0:032�0:011 1.383 � 0.011+0:016�0:013 1.324 � 0.012+0:020�0:014-1.0 { -0.7 1.682 � 0.011+0:027�0:015 1.634 � 0.012+0:025�0:009 1.600 � 0.013+0:022�0:015-0.7 { -0.4 1.855 � 0.011+0:032�0:017 1.833 � 0.012+0:031�0:013 1.827 � 0.014+0:045�0:015-0.4 { -0.1 1.979 � 0.012+0:063�0:021 1.986 � 0.013+0:065�0:025 2.039 � 0.014+0:042�0:012-0.1 { 0.2 2.060 � 0.012+0:075�0:020 2.134 � 0.013+0:069�0:022 2.142 � 0.014+0:081�0:0200.2 { 0.5 2.051 � 0.012+0:093�0:044 2.201 � 0.013+0:093�0:031 2.301 � 0.014+0:092�0:0320.5 { 0.8 2.082 � 0.012+0:100�0:025 2.263 � 0.013+0:107�0:017 2.327 � 0.014+0:116�0:0330.8 { 1.1 2.294 � 0.013+0:111�0:038 2.395 � 0.014+0:139�0:0301.1 { 1.4 2.302 � 0.013+0:104�0:025 2.440 � 0.015+0:126�0:0331.4 { 1.7 2.287 � 0.014+0:092�0:026 2.497 � 0.015+0:139�0:018Table 16: The harged-partile density, 1=N dn�=d�Breit, for 60 < Q2 <160 GeV 2 and 3 bins in W . The �rst unertainty is statistial, the seond system-ati.
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�Breit 80 < W < 120 GeV 120 < W < 160 GeV 160 < W < 200 GeV-3.1 { -2.8 0.070 � 0.005+0:010�0:008 0.051 � 0.004+0:008�0:003 0.057 � 0.005+0:009�0:005-2.8 { -2.5 0.105 � 0.005+0:005�0:005 0.096 � 0.006+0:013�0:006 0.073 � 0.005+0:005�0:004-2.5 { -2.2 0.177 � 0.007+0:014�0:007 0.157 � 0.007+0:009�0:009 0.139 � 0.008+0:010�0:007-2.2 { -1.9 0.298 � 0.009+0:015�0:012 0.271 � 0.010+0:016�0:010 0.250 � 0.010+0:011�0:014-1.9 { -1.6 0.469 � 0.011+0:016�0:015 0.436 � 0.012+0:012�0:013 0.391 � 0.012+0:024�0:015-1.6 { -1.3 0.706 � 0.014+0:028�0:009 0.654 � 0.014+0:021�0:018 0.611 � 0.016+0:036�0:019-1.3 { -1.0 0.999 � 0.016+0:021�0:026 0.951 � 0.017+0:021�0:019 0.809 � 0.017+0:062�0:016-1.0 { -0.7 1.293 � 0.018+0:035�0:020 1.233 � 0.019+0:023�0:027 1.17 � 0.02+0:05�0:03-0.7 { -0.4 1.534 � 0.019+0:036�0:039 1.51 � 0.02+0:03�0:02 1.44 � 0.02+0:06�0:02-0.4 { -0.1 1.80 � 0.02+0:05�0:02 1.75 � 0.02+0:05�0:02 1.68 � 0.03+0:09�0:03-0.1 { 0.2 1.97 � 0.02+0:06�0:02 1.96 � 0.02+0:05�0:02 1.93 � 0.03+0:10�0:030.2 { 0.5 2.06 � 0.02+0:08�0:05 2.07 � 0.02+0:09�0:03 2.19 � 0.03+0:08�0:050.5 { 0.8 2.11 � 0.02+0:10�0:04 2.17 � 0.02+0:11�0:02 2.24 � 0.03+0:12�0:030.8 { 1.1 2.17 � 0.02+0:10�0:04 2.28 � 0.02+0:13�0:03 2.30 � 0.03+0:11�0:061.1 { 1.4 2.24 � 0.03+0:08�0:03 2.33 � 0.03+0:10�0:04 2.48 � 0.03+0:12�0:061.4 { 1.7 2.18 � 0.03+0:10�0:03 2.36 � 0.03+0:10�0:05 2.56 � 0.03+0:16�0:07Table 17: The harged-partile density, 1=N dn�=d�Breit, for 50 < Q2 < 60 GeV 2and 3 bins in W . The �rst unertainty is statistial, the seond systemati.
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�Breit 80 < W < 120 GeV 120 < W < 160 GeV 160 < W < 200 GeV-3.1 { -2.8 0.049 � 0.003+0:005�0:004 0.044 � 0.003+0:004�0:004 0.039 � 0.003+0:004�0:005-2.8 { -2.5 0.083 � 0.004+0:008�0:003 0.089 � 0.005+0:007�0:010 0.064 � 0.004+0:008�0:004-2.5 { -2.2 0.149 � 0.005+0:010�0:006 0.136 � 0.006+0:009�0:005 0.118 � 0.006+0:007�0:006-2.2 { -1.9 0.242 � 0.006+0:008�0:004 0.242 � 0.008+0:009�0:012 0.194 � 0.007+0:013�0:007-1.9 { -1.6 0.405 � 0.008+0:017�0:010 0.384 � 0.009+0:017�0:011 0.330 � 0.009+0:014�0:008-1.6 { -1.3 0.607 � 0.010+0:021�0:008 0.576 � 0.011+0:006�0:018 0.495 � 0.011+0:021�0:008-1.3 { -1.0 0.912 � 0.013+0:017�0:013 0.815 � 0.013+0:025�0:014 0.766 � 0.014+0:024�0:014-1.0 { -0.7 1.176 � 0.014+0:029�0:007 1.121 � 0.015+0:018�0:022 1.029 � 0.016+0:031�0:011-0.7 { -0.4 1.461 � 0.015+0:036�0:014 1.416 � 0.017+0:016�0:037 1.39 � 0.02+0:03�0:02-0.4 { -0.1 1.710 � 0.017+0:050�0:017 1.649 � 0.018+0:035�0:017 1.67 � 0.02+0:06�0:01-0.1 { 0.2 1.901 � 0.018+0:057�0:026 1.883 � 0.019+0:056�0:026 1.88 � 0.02+0:07�0:030.2 { 0.5 2.009 � 0.018+0:067�0:038 2.044 � 0.019+0:079�0:028 2.08 � 0.02+0:08�0:030.5 { 0.8 2.106 � 0.018+0:095�0:051 2.14 � 0.02+0:08�0:04 2.25 � 0.02+0:10�0:040.8 { 1.1 2.187 � 0.018+0:092�0:032 2.26 � 0.02+0:11�0:03 2.30 � 0.02+0:12�0:041.1 { 1.4 2.24 � 0.02+0:08�0:04 2.33 � 0.02+0:12�0:02 2.39 � 0.02+0:16�0:041.4 { 1.7 2.21 � 0.02+0:08�0:03 2.40 � 0.02+0:09�0:04 2.46 � 0.02+0:15�0:05Table 18: The harged-partile density, 1=N dn�=d�Breit, for 40 < Q2 < 50 GeV 2and 3 bins in W . The �rst unertainty is statistial, the seond systemati.
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�Breit 80 < W < 120 GeV 120 < W < 160 GeV 160 < W < 200 GeV-3.1 { -2.8 0.036 � 0.002+0:003�0:002 0.035 � 0.002+0:004�0:002 0.029 � 0.002+0:004�0:003-2.8 { -2.5 0.066 � 0.003+0:003�0:003 0.055 � 0.003+0:005�0:002 0.056 � 0.003+0:004�0:004-2.5 { -2.2 0.122 � 0.004+0:003�0:004 0.108 � 0.004+0:007�0:004 0.090 � 0.004+0:008�0:003-2.2 { -1.9 0.196 � 0.005+0:007�0:004 0.185 � 0.005+0:006�0:007 0.160 � 0.005+0:008�0:006-1.9 { -1.6 0.344 � 0.006+0:008�0:008 0.300 � 0.006+0:006�0:004 0.260 � 0.006+0:011�0:006-1.6 { -1.3 0.529 � 0.007+0:011�0:008 0.488 � 0.008+0:010�0:011 0.431 � 0.008+0:024�0:009-1.3 { -1.0 0.767 � 0.009+0:006�0:010 0.696 � 0.009+0:016�0:009 0.653 � 0.010+0:020�0:010-1.0 { -0.7 1.050 � 0.010+0:018�0:011 0.964 � 0.011+0:014�0:008 0.913 � 0.012+0:045�0:016-0.7 { -0.4 1.342 � 0.011+0:031�0:008 1.260 � 0.012+0:019�0:011 1.228 � 0.014+0:045�0:014-0.4 { -0.1 1.597 � 0.012+0:032�0:017 1.548 � 0.014+0:024�0:022 1.508 � 0.016+0:052�0:012-0.1 { 0.2 1.816 � 0.013+0:047�0:023 1.795 � 0.014+0:053�0:026 1.757 � 0.016+0:067�0:0130.2 { 0.5 1.973 � 0.014+0:055�0:019 1.980 � 0.015+0:086�0:014 2.035 � 0.017+0:076�0:0150.5 { 0.8 2.089 � 0.014+0:091�0:024 2.133 � 0.015+0:087�0:026 2.168 � 0.017+0:097�0:0260.8 { 1.1 2.200 � 0.014+0:078�0:035 2.229 � 0.015+0:126�0:019 2.303 � 0.018+0:117�0:0321.1 { 1.4 2.268 � 0.015+0:079�0:031 2.328 � 0.016+0:129�0:012 2.367 � 0.018+0:145�0:0511.4 { 1.7 2.285 � 0.017+0:069�0:031 2.379 � 0.016+0:126�0:025 2.473 � 0.019+0:140�0:032Table 19: The harged-partile density, 1=N dn�=d�Breit, for 30 < Q2 < 40 GeV 2and 3 bins in W . The �rst unertainty is statistial, the seond systemati.
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�Breit 80 < W < 120 GeV 120 < W < 160 GeV-3.1 { -2.8 0.0268 � 0.0012+0:0016�0:0018 0.0233 � 0.0012+0:0017�0:0012-2.8 { -2.5 0.0475 � 0.0016+0:0031�0:0012 0.0470 � 0.0019+0:0022�0:0020-2.5 { -2.2 0.091 � 0.002+0:003�0:003 0.075 � 0.002+0:003�0:002-2.2 { -1.9 0.155 � 0.003+0:004�0:004 0.130 � 0.003+0:005�0:003-1.9 { -1.6 0.256 � 0.004+0:006�0:005 0.220 � 0.004+0:006�0:003-1.6 { -1.3 0.403 � 0.005+0:007�0:009 0.364 � 0.005+0:010�0:004-1.3 { -1.0 0.620 � 0.006+0:007�0:007 0.543 � 0.006+0:012�0:004-1.0 { -0.7 0.863 � 0.007+0:008�0:012 0.783 � 0.007+0:009�0:007-0.7 { -0.4 1.142 � 0.008+0:010�0:012 1.055 � 0.008+0:022�0:007-0.4 { -0.1 1.427 � 0.009+0:016�0:013 1.370 � 0.009+0:019�0:007-0.1 { 0.2 1.692 � 0.009+0:027�0:018 1.634 � 0.010+0:037�0:0070.2 { 0.5 1.882 � 0.010+0:049�0:017 1.871 � 0.010+0:064�0:0120.5 { 0.8 2.049 � 0.010+0:076�0:018 2.072 � 0.011+0:074�0:0170.8 { 1.1 2.177 � 0.010+0:091�0:021 2.265 � 0.012+0:105�0:0231.1 { 1.4 2.269 � 0.011+0:077�0:032 2.365 � 0.012+0:115�0:0151.4 { 1.7 2.290 � 0.011+0:067�0:017 2.429 � 0.012+0:120�0:028Table 20: The harged-partile density, 1=N dn�=d�Breit, for 20 < Q2 < 30 GeV 2and 2 bins in W . The �rst unertainty is statistial, the seond systemati.
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�Breit 80 < W < 120 GeV 120 < W < 160 GeV-3.1 { -2.8 0.0156 � 0.0006 +0:0002�0:0007 0.0138 � 0.0006+0:0006�0:0007-2.8 { -2.5 0.0300 � 0.0008+0:0007�0:0013 0.0252 � 0.0008+0:0012�0:0014-2.5 { -2.2 0.0548 � 0.0011+0:0023�0:0020 0.0458 � 0.0011+0:0019�0:0019-2.2 { -1.9 0.0915 � 0.0014+0:0015�0:0024 0.0785 � 0.0014+0:0020�0:0027-1.9 { -1.6 0.1564 � 0.0019+0:0026�0:0034 0.1327 � 0.0018+0:0024�0:0032-1.6 { -1.3 0.260 � 0.002+0:003�0:005 0.223 � 0.002+0:005�0:007-1.3 { -1.0 0.404 � 0.003+0:005�0:009 0.354 � 0.003+0:006�0:009-1.0 { -0.7 0.591 � 0.003+0:005�0:010 0.529 � 0.004+0:011�0:012-0.7 { -0.4 0.827 � 0.004+0:007�0:013 0.769 � 0.004+0:013�0:022-0.4 { -0.1 1.100 � 0.005+0:015�0:016 1.051 � 0.005+0:017�0:024-0.1 { 0.2 1.409 � 0.005+0:013�0:016 1.369 � 0.006+0:024�0:0270.2 { 0.5 1.665 � 0.006+0:032�0:018 1.667 � 0.006+0:042�0:0100.5 { 0.8 1.900 � 0.006+0:050�0:016 1.929 � 0.007+0:066�0:0090.8 { 1.1 2.086 � 0.007+0:069�0:014 2.132 � 0.007+0:099�0:0111.1 { 1.4 2.202 � 0.007+0:086�0:015 2.304 � 0.008+0:101�0:0161.4 { 1.7 2.259 � 0.007+0:081�0:021 2.395 � 0.008+0:138�0:013Table 21: The harged-partile density, 1=N dn�=d�Breit, for 10 < Q2 < 20 GeV 2and 2 bins in W . The �rst unertainty is statistial, the seond systemati.
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Figure 1: The saled momentum spetra, 1=N dn�=d ln(1=xp), for di�erent(x;Q2) bins. The dots represent the new, the triangles the previous ZEUS mea-surement. The data overlap in the 160 < Q2 < 320GeV 2 bin. The inner errorbars, where visible, indiate statistial unertainties, the outer statistial and sys-temati unertainties added in quadrature. The full and dashed lines represent theLepto and the Ariadne preditions, respetively.
34



ZEUS

2

4 ZEUS 0.44 fb-1

ZEUS 38 pb-1

20480< Q2 <40960 GeV 2

1/
N

 d
n±  / 

d 
ln

(1
/x

p)

0.05 < x < 0.75
MLLA QCD

10240< Q2 <20480 GeV 2

0.05 < x < 0.50
5120< Q2 <10240 GeV 2

0.05 < x < 0.50

1

2

3 2560< Q2 <5120 GeV 2

0.05 < x < 0.25
1280< Q2 <2560 GeV 2

0.025 < x < 0.15
640< Q2 <1280 GeV 2

0.010 < x < 0.050

1

2

320< Q2 <640 GeV 2

0.010 < x < 0.050
160< Q2 <320 GeV 2

0.0024 < x < 0.0500
80< Q2 <160 GeV 2

0.0024 < x < 0.0100

0.5

1

1.5

0 2.5 5

40< Q2 <80 GeV 2

0.0012 < x < 0.0100

0 2.5 5

20< Q2 <40 GeV 2

0.0012 < x < 0.0100

0 2.5 5

10< Q2 <20 GeV 2

ln(1/xp)

0.0006 < x < 0.0024

Figure 2: The saled momentum spetra, 1=N dn�=d ln(1=xp), for di�erent(x;Q2) bins. The band represents the range of the MLLA+LPHD preditions.Other details as in Fig. 1.
35



ZEUS

100

200

300 0< xp <0.02

ZEUS 0.44 fb-1

ZEUS 38 pb-1

ARIADNE 4.12
LEPTO 6.51/

N
 n

±  / 
∆ 

x p

25

50

75

100 0.02< xp <0.05

10

20

30

40 0.05< xp <0.1

5

10

0.1< xp <0.2

2

4

0.2< xp <0.3

1

2

0.3< xp <0.4

0

0.25

0.5

0.75

1

10
2

10
4

0.4< xp <0.5

0

0.1

0.2

0.3

0.4

10
2

10
4

0.5< xp <0.7

0

0.05

0.1

10
2

10
4

0.7< xp <1

Q2 (GeV2)Figure 3: The number of harged partiles per event per unit of xp, 1=N n�=�xp,as a funtion of Q2 in xp bins of width �xp. Other details as in Fig. 1.
36



ZEUS

5

10

15
0.1< xp <0.2

ZEUS  0.44 fb-1

ZEUS 38 pb-1

1/
N

 n
±  / 

∆ 
x p

1

2

3

4

5
0.2< xp <0.3

Kretzer 0.5<µR<2
AKK
KKP

DSS

1

2

3
0.3< xp <0.4

0

0.25

0.5

0.75

1

10
2

10
4

0.4< xp <0.5

0

0.1

0.2

0.3

0.4

10
2

10
4

0.5< xp <0.7

0

0.05

0.1

10
2

10
4

0.7< xp <1

Q2 (GeV2)

Figure 4: The number of harged partiles per event per unit of xp, 1=N n�=�xp,as a funtion of Q2 in xp bins with width �xp as in Fig. 3. The shaded band repre-sents the NLO alulation by Kretzer [8℄ with its renormalisation sale unertainty.Additional NLO alulations are shown: Kniehl, Kramer, P�otter [9℄(KKP), Albino,Kniehl, Kramer [10℄(AKK) and De Florian, Sassot and Stratmann [11℄(DSS).
37



Q (GeV)
10 210

p
 x

∆/±
1/

N
  n

−210

−110

1

10

210

310

410

510
−1ZEUS 38 pb

−1ZEUS 440 pb
−1H1 44 pb

−1ZEUS 38 pb
−1ZEUS 440 pb

−e+e

 rangepx

0.0 − 0.02 (x30)

0.02 − 0.05 (x5)

0.05 − 0.1 (x2)

0.1 − 0.2

0.2 − 0.3

0.3 − 0.4

0.4 − 0.5

0.5 − 0.7

0.7 − 1.0

ZEUS

Figure 5: The number of harged partiles per event per unit of xp, 1=N n�=�xp,as a funtion of Q in xp bins with width �xp. Also shown are data from H1 [3℄and e+e� [14℄. The dots (triangles) represent the new (previous) ZEUS measure-ment, the squares the H1 data and the inverted triangles the e+e� data. The innererror bars, where visible, indiate statistial unertainties, the outer statistial andsystemati unertainties added in quadrature. The three lowest xp bins are saledby fators of 30, 5 and 2, respetively. 38



ZEUS

100

200

300
0< xp <0.02

ZEUS 440 pb-1

ZEUS 38 pb-1

H1 44 pb-1

e+e- data1/
N

 n
±  / 

∆ 
x p

25

50

75

100
0.02< xp <0.05

10

20

30

40
0.05< xp <0.1

5

10

0.1< xp <0.2

2

4

0.2< xp <0.3

1

2

0.3< xp <0.4

0

0.25

0.5

0.75

1

10
2

10
4

0.4< xp <0.5

0

0.2

0.4

10
2

10
4

0.5< xp <0.7

0

0.05

0.1

10
2

10
4

0.7< xp <1

Q2 (GeV2)Figure 6: The number of harged partiles per event per unit of xp, 1=N n�=�xp,as a funtion of Q2 in xp bins with width �xp. Other details as in Fig. 5.
39



Particle
Density

Rapidity

linear
rise

plateau for
W1

W2

Figure 7: The main features of the predition of the Bialas-Jezabek model basedon the limiting-fragmentation hypothesis for the dependene of the partiles densityon the rapidity in hadroni ollisions for two values of W with W1 > W2.

40



Figure 8: The normalised harged-partile density per unit of �Breit,1=N dn�=d�Breit, for di�erent (W;Q2) bins for Q2 > 160 GeV 2. The dots rep-resent the ZEUS measurement. The error bars, where visible, indiate statistialand systemati unertainties added in quadrature. The dashed and dotted linesrepresent the Lepto and Ariadne preditions, respetively.41



Figure 9: The normalised harged-partile density per unit of �Breit,1=N dn�=d�Breit, for di�erent (W;Q2) bins for 10 < Q2 < 160 GeV 2. Otherdetails as in Fig. 8. 42
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