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AbstratInlusive-jet and dijet di�erential ross setions have been measured in neu-tral urrent deep inelasti ep sattering for exhanged boson virtualities Q2 >125 GeV2 with the ZEUS detetor at HERA using an integrated luminosity of82 pb�1. Jets were identi�ed in the Breit frame using the kT luster algorithm.Jet ross setions are presented as funtions of several kinemati and jet vari-ables. The results are also presented in di�erent regions of Q2. Next-to-leading-order QCD alulations desribe the measurements well. Regions of phase spaewhere the theoretial unertainties are small have been identi�ed. Measurementsin these regions have the potential to onstrain the gluon density in the protonwhen used as inputs to global �ts of the proton parton distribution funtions.
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1 IntrodutionA well established testing ground for perturbative QCD (pQCD) is jet prodution inneutral urrent (NC) deep inelasti ep sattering (DIS) at high Q2, where Q2 is thenegative of the square of the virtuality of the exhanged boson V � (V = ; Z). Theparton-model proess (V �q ! q) in DIS gives rise to �nal states ontaining one jet ofhigh transverse energy, the so-alled `urrent jet'. At leading order (LO) in �s, the boson-gluon-fusion (V �g ! q�q) and QCD-Compton-sattering (V �q ! qg) proesses give rise totwo hard jets.The hadroni �nal state in NC DIS may onsist of jets with high transverse energy, EjetT ,produed in the hard-sattering proess, aompanied by the remnant (beam jet) of theinoming proton. For the analysis of these types of proess, the Breit frame [1℄ is ad-vantageous, sine it provides a maximal separation between the produts of the beamfragmentation and the hard jets. In this frame, the exhanged virtual boson is purelyspae-like, with 3-momentum q = (0; 0;�Q), and is ollinear with the inoming par-ton. In the parton-model proess, the virtual boson V � is absorbed by the struk quark,whih is bak-sattered with zero transverse momentum with respet to the V � diretion,whereas the beam jet follows the diretion of the initial struk quark. QCD-Comptonand boson-gluon-fusion events, on the other hand, are haraterised by two partons inthe �nal state with possibly non-vanishing transverse momentum with respet to the V �diretion. Thus, while retaining hard QCD proesses at leading order in �s, the ontribu-tion from the parton-model proess an be suppressed by requiring the prodution of jetswith high transverse energy in the Breit frame. Therefore, measurements of inlusive-jet events at high EjetT or dijet events in the Breit frame are diretly sensitive to hardQCD proesses, allowing diret tests of the pQCD preditions and of the proton partondistribution funtions (PDFs).Jet ross setions in NC DIS have been measured previously at HERA. Inlusive-jet [2{4℄,dijet [5℄ and multijet [6℄ prodution have been used to extrat values of �s. A previousdijet analysis [7℄ has been used to test the gluon density extrated from global �ts. Resultsfrom inlusive-jet and dijet measurements [3℄ have been used to onstrain the gluon densityin the proton. Reently, jet ross setions in NC DIS [2℄ and photoprodution [8℄ havebeen inluded in a new NLO QCD analysis to extrat the proton PDFs [9℄, resultingin a signi�ant redution of the unertainty on the gluon density at medium and highmomentum frations.This paper presents new measurements of di�erential dijet ross setions as funtions ofQ2, of the mean jet transverse energy of the dijet system in the Breit frame, ET , of thedijet invariant mass, Mjj, of the half-di�erene of the jet pseudorapidities in the Breitframe, �0 = j�jet1B � �jet2B j=2, and of the fration of the proton momentum taken by the1



interating parton, � = xBj(1 + M2jj=Q2). Here, xBj is the Bjorken saling variable thatde�nes, for the parton-model proess, the fration of proton momentum arried by thestruk parton. Measurements of the dijet ross setion as a funtion of � are also shownfor di�erent regions of Q2. Also presented are measurements of the inlusive-jet rosssetion as a funtion of the jet transverse energy in the Breit frame, EjetT;B, in di�erentregions of Q2. The analyses are based on data samples with more than twie the statistisof the previous studies [2, 7℄. These measurements probe an extended kinemati regimewith respet to previous analyses due to the inrease in the proton beam energy. Theimprovement in the experimental unertainties obtained here will failitate a more preisedetermination of the gluon density in the proton at high �.2 Experimental set-upA detailed desription of the ZEUS detetor an be found elsewhere [10, 11℄. A briefoutline of the omponents that are most relevant for this analysis is given below.Charged partiles are traked in the entral traking detetor (CTD) [12℄, whih operatesin a magneti �eld of 1:43 T provided by a thin superonduting solenoid. The CTDonsists of 72 ylindrial drift-hamber layers, organized in nine superlayers overing thepolar-angle1 region 15Æ < � < 164Æ. The transverse-momentum resolution for full-lengthtraks an be parameterised as �(pT )=pT = 0:0058pT � 0:0065 � 0:0014=pT , with pT inGeV. The traking system was used to measure the interation vertex with a typialresolution along (transverse to) the beam diretion of 0:4 (0:1) m and to ross-hek theenergy sale of the alorimeter.The high-resolution uranium{sintillator alorimeter (CAL) [13℄ overs 99:7% of the totalsolid angle and onsists of three parts: the forward (FCAL), the barrel (BCAL) and therear (RCAL) alorimeters. Eah part is segmented into towers and subdivided in depthinto one eletromagneti setion and either one (in RCAL) or two (in FCAL and BCAL)hadroni setions. The smallest subdivision of the alorimeter is alled a ell. Undertest-beam onditions, the CAL single-partile relative energy resolutions were �(E)=E =0:18=pE for eletrons and �(E)=E = 0:35=pE for hadrons, with E in GeV.The luminosity was measured from the rate of the bremsstrahlung proess ep! ep. Theresulting small-angle energeti photons were measured by the luminosity monitor [14℄, 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 theentre of HERA. The oordinate origin is at the nominal interation point. The polar angle, �, andthe azimuthal angle, ', are de�ned with respet to the proton beam diretion. The pseudorapidity isde�ned as � = � ln �tan �2�. 2



lead-sintillator alorimeter plaed in the HERA tunnel at Z = �107 m.3 Data seletion and jet searhThe data used in this analysis were olleted during the period 1998-2000, when HERAoperated with protons of energy Ep = 920 GeV and eletrons or positrons2 of energyEe = 27:5 GeV, and orrespond to an integrated luminosity of 81:7 � 1:8 pb�1.A three-level trigger system was used to selet events online [11, 15℄. At the third level,NC DIS events were aepted on the basis of the identi�ation of a sattered-eletronandidate using loalised energy depositions in the CAL. An independent trigger seletionwhih required at least one (two) jet(s) with transverse energies above 10(6) GeV andpseudorapidities below 2.5 was used to measure the fration of sattered eletrons thatgave a trigger signal. The eÆieny of the trigger seletion based on the sattered-eletronandidate was found to be above 99%.Events were seleted o�ine using riteria similar to those reported previously [2℄. Themain steps are briey listed below. The inlusive-jet measurement is based on CAL ellsfor the reonstrution of the kinemati and jet variables, whereas the dijet analysis usesa ombination of trak and CAL information [16℄. The seleted ombinations of traksand CAL lusters are referred to as Energy Flow Objets (EFOs).The sattered-eletron andidate was identi�ed from the pattern of energy deposits in theCAL [17℄. The energy (E0e) and polar angle (�e) of the eletron andidate were determinedfrom the CAL measurements. The kinemati variables Q2 and xBj were reonstrutedusing the double angle (DA) method [18℄. This method uses �e and the angle h, whihis equivalent to the angle of the sattered quark in the quark-parton model. The angleh, de�ned as os h = (1 � y)xBjEp � yEe(1 � y)xBjEp + yEe ;was reonstruted using the hadroni �nal state [18℄, where y = Q2=xBjs and s is theentre-of-mass energy.The following requirements were imposed on the data sample for both the inlusive-jetand dijet analyses:� an eletron andidate of energy E 0e > 10 GeV. This requirement ensured a high andwell understood eletron-�nding eÆieny and suppressed bakground from photopro-dution events, in whih the sattered eletron esaped down the rear beampipe;2 Here and in the following, the term \eletron" denotes generially both the eletron and the positron.3



� the total energy not assoiated with the eletron andidate within a one of radius 0.7units in the pseudorapidity-azimuth (��') plane around the eletron diretion shouldbe less than 10% of the eletron energy. This ondition removed photoprodution andDIS events in whih part of a jet was falsely identi�ed as the sattered eletron;� the vertex position along the beam axis should be in the range jZj < 34 m. Thisondition helped to selet events onsistent with ep interations;� PT;miss=pET < 2:5 GeV1=2, where PT;miss is the missing transverse momentum asmeasured with the CAL and ET is the total transverse energy in the CAL. This utremoved osmi-ray events and beam-related bakground;� Q2 > 125 GeV2;� �0:65 < os h < 0:65. The lower limit avoided a region with limited aeptane dueto the requirement on the energy of the sattered eletron, while the upper limit washosen to ensure good reonstrution of the jets in the Breit frame.In addition, the following seletion requirements were imposed for the inlusive-jet anal-ysis:� ye < 0:95, where ye = 1 � E 0e(1 � os �e)=(2Ee). This ondition removed events inwhih fake eletron andidates were found in the FCAL;� if the polar angle of the sattered eletron was in the range 30Æ < �e < 140Æ, it wasrequired that the fration of the eletron energy within a one of radius 0.3 units in the� � ' plane around the eletron diretion should be larger than 0.9; for �e < 30Æ, theut was raised to 0.98. This ondition removed events in whih jets were misidenti�edas eletrons;� the event was not onsistent with elasti Compton sattering (ep ! ep), namely noseond eletromagneti energy luster above 10 GeV was allowed when the rest of theCAL energy, besides the two eletromagneti energy lusters, was below 4 GeV;� 38 < (E � PZ) < 65 GeV, where E is the total energy, E = Pi Ei, and PZ is theZ-omponent of the vetor P = Pi pi. The sums run over all �nal-state objets.This ut removed events with large initial-state radiation and further redued thebakground from photoprodution.For the dijet analysis, the following onditions had to be ful�lled:� Q2 < 5000 GeV2;� 45 < (E � PZ) < 62 GeV.The kT luster algorithm [19℄ was used in the longitudinally invariant inlusive mode [20℄to reonstrut jets in the hadroni �nal state both in data and in Monte Carlo (MC)4



simulated events (see Setion 4) assuming massless objets. In data, the algorithm wasapplied to the �nal-state objets after exluding the sattered-eletron andidate. Thejet searh was performed in the � � ' plane of the Breit frame. The jet variables werede�ned aording to the Snowmass onvention [21℄.After reonstruting the jet variables in the Breit frame, the massless four-momenta wereboosted into the laboratory frame, where the transverse energy (EjetT;LAB) and the pseu-dorapidity (�jetLAB) of eah jet were alulated. Energy orretions [2, 8, 22, 23℄ were thenapplied to the jets in the laboratory frame and propagated into EjetT;B in order to om-pensate for energy losses in the inative material in front of the CAL. The following utswere applied:� events were removed from the sample if the distane � of any of the jets to theeletron andidate in the ��' plane of the laboratory frame was smaller than 1 unit,� =q(�jetLAB � �e)2 + ('jetLAB � 'e)2 < 1, where 'e and �e are the azimuthal angle andpseudorapidity of the sattered eletron, respetively. This requirement removed somebakground from photoprodution and improved the purity of the sample;� events were removed from the sample if a jet was in the bakward region of the detetor(�jetLAB < �2). This requirement removed events in whih a radiated photon from theeletron was misidenti�ed as a jet in the Breit frame;� �2 < �jetB < 1:5. This ut restrited the jets to a region with large aeptane.The inlusive-jet sample was then seleted using the following onditions:� EjetT;LAB > 2:5 GeV. This ut removed a small number of jets for whih the unertaintyon the energy orretion was large;� EjetT;B > 8 GeV.For the dijet analysis, the following further requirements were imposed:� EjetT;LAB > 3 GeV;� �jetLAB < 2:5. This ondition restrited the jets to the region in whih the reonstrutionof the jet variables was optimal;� the two highest-EjetT;B jets in an event, ordered aording to EjetT;B, were required tosatisfy Ejet1T;B > 12 GeV and Ejet2T;B > 8 GeV.The seleted sample of inlusive-jet (dijet) events onsisted of 19908 (3868) events.5



4 Monte Carlo simulation and aeptane orretionsSamples of MC events were generated to determine the response of the detetor to jetsof hadrons and the orretion fators neessary to obtain the hadron-level jet ross se-tions. The hadron level is de�ned in terms of hadrons with lifetime � � 10 ps. Thegenerated events were passed through the Geant 3.13-based [24℄ ZEUS detetor- andtrigger-simulation programs [11℄. They were reonstruted and analysed by the sameprogram hain as the data.Neutral urrent DIS events inluding radiative e�ets were simulated using the Her-ales 4.6.1 [25℄ program with the Djangoh 1.1 [26℄ interfae to the hadronisationprograms. Herales inludes orretions for initial- and �nal-state radiation, vertexand propagator terms, and two-boson exhange. The QCD asade is simulated usingthe olour-dipole model (CDM) [27℄ inluding the LO QCD diagrams as implemented inAriadne 4.08 [28℄ and, alternatively, with the MEPS model of Lepto 6.5 [29℄. TheCTEQ5D [30℄ proton PDFs were used for these simulations. Fragmentation into hadronsis performed using the Lund string model [31℄ as implemented in Jetset 7.4 [32℄.The jet searh was performed on the MC events using the energy measured in the CALells or EFOs in the same way as for the data. The same jet algorithm was also appliedto the �nal-state partiles (hadron level) and to the partons available after the partonshower (parton level).The data were orreted to the hadron level and for QED-radiative e�ets using bin-by-bin orretion fators obtained from the MC samples. For this approah to be valid, theunorreted distributions of the data must be well desribed by the MC simulations. Thisondition was in general satis�ed by both the Ariadne and Lepto MC. The Ariadnemodel gave a slightly better desription of the inlusive-jet data and was thus used as thedefault model; Lepto was then used to estimate the systemati e�et on the orretionproedure due to the parton-shower model (see Setion 6). In ontrast to this, the dijetdistributions, shown in Fig. 1, were slightly better desribed by the Lepto model; here,Ariadne was therefore used for systemati heks. In all ases, the orretion fatorsdi�ered from unity by typially 10%. These orretion fators took into aount theeÆieny of the trigger, the seletion riteria and the purity and eÆieny of the jetreonstrution.5 NLO QCD alulationsThe measurements were ompared with NLO QCD (O(�2s)) alulations obtained usingthe program Disent [33℄. The alulations were performed in the MS renormalisation and6



fatorisation shemes using a generalised version [33℄ of the subtration method [34℄. Thenumber of avours was set to �ve and the fatorisation sale was hosen to be �F = Q.Calulations with di�erent hoies of the renormalisation sale, �R, were performed: thedefault hoie was �2R = (EjetT;B)2 for the inlusive-jet analysis; ross heks were performedusing �2R = Q2 and �2R = Q2 + E2T;B, where E2T;B is the mean transverse energy of theseleted jets in an event. For the dijet analysis �2R = Q2 + E2T was used as default,sine the resulting preditions desribe the data better than either sale alone; here thee�ets of using either Q2 or E2T were investigated. The e�ets on the NLO alulations ofusing di�erent hoies for �R were found to be smaller than the unertainties desribedbelow. The strong oupling onstant was alulated at two loops with �(5)MS = 226 MeV,orresponding to �s(MZ) = 0:118. The alulations were performed using the CTEQ6 [35℄parameterisations of the proton PDFs. The kT luster algorithm was also applied tothe partons in the events generated by Disent in order to obtain the jet ross-setionpreditions.Sine the measurements refer to jets of hadrons, whereas the NLO QCD alulations referto jets of partons, the preditions were orreted to the hadron level using the MC models.The multipliative orretion fator (Chad) was de�ned as the ratio of the ross setionfor jets of hadrons over that for jets of partons, estimated by using the MC programsdesribed in Setion 4. The ratios obtained with Ariadne and Lepto were averaged toobtain the value of Chad. This value di�ers from unity by approximately 5 (5� 10)% forthe inlusive-jet (dijet) analysis.The NLO QCD preditions for the inlusive-jet analysis were also orreted for the Z0-exhange ontribution by using MC simulated events with and without Z0 exhange. Thisorretion is not required for the dijet analysis owing to the restrited Q2 range.Several soures of unertainty in the theoretial preditions were onsidered:� the unertainty on the NLO QCD alulations due to terms beyond NLO, estimatedby varying �R by a fator of two up and down, was below �7% at low Q2 and low EjetT;Band dereased to below �5% in the highest-Q2 region for the inlusive-jet analysis.For the dijet measurement, the average unertainty was about �10%, with the largestvalues approahing �20% at low � and low Q2 values.� the unertainty on the NLO QCD alulations due to that on �s(MZ) was estimatedby repeating the alulations using two additional sets of proton PDFs, CTEQ6A114and CTEQ6A122 [36℄, determined assuming �s(MZ) = 0:114 and 0:122, respetively.The di�erene between the alulations using these sets and CTEQ6 was saled by afator of 0:68 to reet the unertainty on �s [37℄. The resulting unertainty in theross setions was typially below �4%;� the unertainty on the modelling of the parton shower was estimated as half the7



di�erene between the multipliative orretion fators alulated from the Leptoand Ariadne models. The resulting unertainty on the ross setions was typiallyless than 3%;� the unertainty on the NLO alulations due to the proton PDFs was estimated byrepeating the alulations using 40 additional sets from the CTEQ6 analysis, whihtakes into aount the statistial and orrelated systemati experimental unertaintiesof eah data set used in the determination of the proton PDFs. The resulting uner-tainty in the ross setions was about �4% at low Q2 and dereased to around �2%at high Q2;� the unertainty of the alulations in the value of �F was estimated by repeating thealulations with �F = Q=2 and 2Q. The variation of the alulations was negligible.The total theoretial unertainty was obtained by adding in quadrature the individualunertainties listed above. Figures 2 and 3 show an overview of various theoretial uner-tainties for both the inlusive-jet and the dijet analysis.The gluon-indued ontribution to the ross setion as a funtion of EjetT;B for the inlusive-jet analysis and of log10 � for the dijet analysis in various regions of Q2 is shown in Figs. 4and 5. The gluon fration varies between 70% at low Q2 for both low � and low EjetT;Band less than 10% for the lowest EjetT;B at high values of Q2. For the dijet analysis, thegluon ontribution is always at least 30%. In addition, Fig. 6 shows, separately for theinlusive-jet and dijet analyses, the gluon-indued ontribution to the ross setion as afuntion of Q2 together with the unertainties as taken from the CTEQ6 analysis.6 Experimental unertaintiesThe following soures of systemati unertainty were onsidered for the measured rosssetions:� the unertainty in the absolute energy sale of the jets was estimated to be �1% forEjetT;LAB > 10 GeV and �3% for lower EjetT;LAB values [8,22,38℄. The resulting unertaintyon the ross setions was about �5% and inreased to approximately �10% in ertainregions of the dijet phase spae;� the unertainty in the absolute energy sale of the eletron andidate was estimatedto be �1% [39℄. The resulting unertainty was below �1%;� the di�erenes in the results obtained by using either Ariadne or Lepto to orretthe data for detetor e�ets were typially below �8%;� the analysis was repeated using an alternative tehnique [40℄ to selet the sattered-eletron andidate. The resulting unertainty was typially below �3%;8



� the EjetT;LAB ut was raised to 4(4.5) GeV for the inlusive-jet (dijet) analysis. Theresulting unertainty was typially smaller than �1%;� the ut in �jetLAB used to suppress the ontamination due to photons falsely identi�edas jets in the Breit frame was hanged to �3 and to �1:5. The resulting unertaintywas typially below �1%;� the unertainty due to the seletion uts was estimated by varying the values of the utswithin the resolution of eah variable. The e�et on the ross setions was typiallybelow �2%;� the unertainty on the ross setions due to that in the simulation of the trigger wasnegligible.The systemati unertainties not assoiated with the absolute energy sale of the jets wereadded in quadrature to the statistial unertainties and are shown in �gures 7 to 12 as errorbars. The unertainty due to the absolute energy sale of the jets is shown separately as ashaded band in eah of these �gures, due to the large bin-to-bin orrelation. In addition,there was an overall normalisation unertainty of 2:2% from the luminosity determination,whih is not inluded in the �gures.7 Results7.1 Dijet di�erential ross setionsDijet ross setions were measured in the kinemati region 125 < Q2 < 5000 GeV2 andj os hj < 0:65. These ross setions orrespond to the two highest-EjetT;B jets in eah eventwith Ejet1T;B > 12 GeV, Ejet2T;B > 8 GeV and �2 < �jetB < 1:5 and were orreted for detetorand QED radiative e�ets as desribed in Setion 4.The measured ross setions as funtions of Q2, xBj, ET , Mjj, �0 and log10 � are shownin Figs. 7 and 8 and are listed in Tables 1 to 6. In these and subsequent �gures, eahdata point is plotted at the absissa at whih the di�erential ross setion was equal toits bin-averaged value, aording to the NLO QCD alulation. The data distributionas a funtion of Q2 exhibits a fall-o� of more than two orders of magnitude within therange studied. The Q2-restrited range impliitly limits the � range of the measurementsto 0:009 . � . 0:37, a region of phase spae where these measurements an signi�antlyonstrain the gluon density in the proton. The dijet ross setions as funtions of ET andMjj are partiularly suited to test the matrix elements in the perturbative alulations.The measured distributions show a steep fall-o� of more than two orders of magnitudewithin the measured range. 9



The NLO QCD alulations with �2R = Q2 + E2T are ompared to the data in Figs. 7and 8. They give a good desription of the data. The alulations with �2R = Q2 or�2R = E2T are inluded in Figs. 7 and 8 as well. At low Q2, low Mjj and low ET , thetheoretial unertainty is dominated by the e�et of the variation of the renormalisationsale. In the ase of the dijet ross setions as funtions of ET and Mjj, the theoretialunertainty is smaller than the experimental at high values of ET and Mjj. The exellentagreement between data and theory for these distributions demonstrates the validity ofthe desription of the dynamis of dijet prodution by pQCD at O(��2s).7.2 Dijet and inlusive-jet di�erential ross setions in di�erentregions of Q2Figure 9 shows the measured dijet ross setion as a funtion of log10 � in di�erent regionsof Q2. The ross setions are also given in Table 7. The requirement that two jets withhigh transverse energy be observed in the �nal state suppresses the ross setion in thelow-� region, so that the measured ross setion rises as log10 � inreases. At high valuesof log10 �, the derease of the ross setion reets the derease of the gluon and quarkdensities at high �.The NLO QCD preditions with �2R = Q2 + E2T are ompared to the measurements inFig. 10 using the relative di�erene of the measured di�erential ross setions to the NLOalulations; the unertainty of the alulation is also shown in the �gure. The preditionsof NLO QCD give a good desription of the data. Also indiated are the preditions using�2R = Q2 or �2R = E2T .Inlusive-jet ross setions were measured in the kinemati region Q2 > 125 GeV2 andj os hj < 0:65. These ross setions inlude every jet of hadrons in the event withEjetT;B > 8 GeV and �2 < �jetB < 1:5 and were orreted for detetor and QED radiativee�ets. The ross setions for di�erent regions of Q2 as a funtion of EjetT;B are presented inFig. 11 and Table 8. The measured ross setions exhibit a steep fall-o� within the EjetT;Brange onsidered. As Q2 inreases, the EjetT;B dependene of the ross setion beomes lesssteep.The NLO QCD preditions with �2R = (EjetT;B)2 are ompared to the measurements inFig. 11. They give a good desription of the data. To study the sale dependene,alulations using �2R = Q2 or �2R = Q2 + E2T;B are also ompared to the data in Fig. 11;they provide an approximately equally good desription of the data.Figure 12 shows the relative di�erene of the measured di�erential ross setions to theNLO QCD alulations with �2R = (EjetT;B)2. The unertainty of the NLO QCD alulations10



and the results of the theory alulations using either �2R = Q2 or �2R = Q2 + E2T;B arealso shown. The data are well desribed by the preditions.As indiated in Setion 5, the theoretial unertainties in both the inlusive-jet and dijetregimes are dominated by the ontribution from higher orders as estimated by varyingthe renormalisation sale. As was shown in Figs. 2 and 3, the sale unertainty dereasesas Q2 inreases; it is also lower for high values of � than for low values of this variable.The ontribution from the PDF unertainty is approximately onstant in all variables andnon-negligible. Espeially at high values of � (EjetT;B) for the dijet (inlusive-jet) analysis,the PDF unertainty is even dominant. In these regions, in whih the gluon-induedontribution is still substantial (see Figs. 4 to 6), the data will be able to onstrainfurther the gluon density in the proton.8 Summary and onlusionsInlusive-jet and dijet ross setions have been measured at high Q2 values at HERAfor ps = 318 GeV. The jets were reonstruted using the kT luster algorithm in thelongitudinally invariant inlusive mode in the Breit frame. The dijet ross setions weremeasured as funtions of Q2, xBj, ET , Mjj, �0 and �. In addition, inlusive-jet and dijetmeasurements were performed in di�erent regions of Q2 as funtions of EjetT;B and �, respe-tively. The data are well desribed by the NLO QCD preditions. The ross setions indi�erent regions of Q2 are shown to be sensitive to the gluon density of the proton. Thepreise measurements obtained here are therefore of partiular relevane for improvingthe determination of the gluon density in future QCD �ts.AknowledgementsWe thank the DESY Diretorate for their strong support and enouragement. The re-markable ahievements of the HERA mahine group were essential for the suessfulompletion of this work and are greatly appreiated. We are grateful for the support ofthe DESY omputing and network servies. The design, onstrution and installation ofthe ZEUS detetor have been made possible owing to the ingenuity and e�ort of manypeople from DESY and home institutes who are not listed as authors.
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Q2 bin d�=dQ2(GeV2) (pb=GeV2) Æstat Æsyst ÆES CQED Chad125-250 0:1183 �0:0033 +0:0041�0:0040 +0:0081�0:0077 0:96 0:85250-500 0:0589 �0:0018 +0:0025�0:0023 +0:0032�0:0030 0:94 0:91500-1000 0:02061 �0:00074 +0:00094�0:00094 +0:00096�0:00083 0:93 0:921000-2000 0:00602 �0:00028 +0:00018�0:00018 +0:00014�0:00013 0:91 0:952000-5000 0:001189 �0:000075 +0:000083�0:000083 +0:000025�0:000020 0:96 0:96Table 1: Dijet ross-setion d�=dQ2 for jets of hadrons in the Breit frame seletedwith the longitudinally invariant kT luster algorithm. The statistial, unorrelatedsystemati and jet-energy-sale (ES) unertainties are shown separately. The mul-tipliative orretions applied to the data to orret for QED radiative e�ets, CQED,and the orretions for hadronisation e�ets to be applied to the parton-level NLOQCD alulations, Chad, are shown in the last two olumns.xBj bin d�=dxBj(pb) Æstat Æsyst ÆES CQED Chad0.0001-0.01 1599 �45 +54�52 +101�92 0:95 0:860.01-0.02 1849 �48 +37�37 +98�95 0:94 0:930.02-0.035 647 �24 +26�25 +26�23 0:92 0:920.035-0.07 141:7 �7:5 +4:0�4:0 +2:9�2:6 0:95 0:910.07-0.1 21:1 �3:2 +3:3�3:3 +0:5�0:1 0:89 0:90Table 2: Dijet ross-setion d�=dxBj for jets of hadrons in the Breit frame se-leted with the longitudinally invariant kT luster algorithm. Other details as inthe aption to Table 1.
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ET bin d�=dET(GeV) (pb/GeV) Æstat Æsyst ÆES CQED Chad10-16 5:71 �0:11 +0:12�0:12 +0:30�0:26 0:94 0:9016-22 1:935 �0:064 +0:086�0:084 +0:081�0:091 0:94 0:9022-30 0:361 �0:023 +0:023�0:023 +0:017�0:016 0:94 0:9130-60 0:0371 �0:0043 +0:0076�0:0076 +0:0021�0:0018 0:97 0:91Table 3: Dijet ross-setion d�=dET for jets of hadrons in the Breit frame se-leted with the longitudinally invariant kT luster algorithm. Other details as inthe aption to Table 1.Mjj bin d�=dMjj(GeV) (pb/GeV) Æstat Æsyst ÆES CQED Chad20-32 2:382 �0:051 +0:055�0:054 +0:123�0:109 0:95 0:9132-45 1:134 �0:034 +0:047�0:047 +0:049�0:055 0:94 0:8945-65 0:222 �0:012 +0:006�0:006 +0:009�0:009 0:92 0:8965-120 0:0180 �0:0021 +0:0017�0:0017 +0:0013�0:0009 0:97 0:94Table 4: Dijet ross-setion d�=dMjj for jets of hadrons in the Breit frame se-leted with the longitudinally invariant kT luster algorithm. Other details as inthe aption to Table 1.�0 bin d�=d�0(pb) Æstat Æsyst ÆES CQED Chad0-0.1 87:9 �3:4 +4:0�3:9 +3:7�3:7 0:95 0:910.1-0.25 87:0 �2:8 +1:6�1:6 +3:6�3:7 0:94 0:940.25-0.45 68:5 �2:1 +1:3�1:1 +3:5�3:0 0:95 0:910.45-0.65 42:7 �1:6 +1:0�1:0 +2:5�2:2 0:94 0:870.65-1.60 6:07 �0:28 +0:54�0:52 +0:37�0:34 0:91 0:86Table 5: Dijet ross-setion d�=d�0 for jets of hadrons in the Breit frame se-leted with the longitudinally invariant kT luster algorithm. Other details as inthe aption to Table 1. 16



log10 � bin d�=d log10 �(pb) Æstat Æsyst ÆES CQED Chad{2 - {1.5 22:22 �0:78 +0:72�0:71 +1:34�1:17 0:95 0:88{1.5 - {1.35 74:4 �2:6 +2:8�2:8 +3:2�3:4 0:94 0:92{1.35 - {1.1 73:9 �1:9 +2:2�2:0 +3:4�3:2 0:94 0:92{1.1 - {0.85 31:0 �1:3 +2:4�2:4 +1:5�1:4 0:94 0:87{0.85 - {0.5 3:93 �0:36 +0:48�0:48 +0:32�0:21 0:93 0:79Table 6: Dijet ross-setion d�=d log10 � for jets of hadrons in the Breit frameseleted with the longitudinally invariant kT luster algorithm. Other details as inthe aption to Table 1.
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log10 � bin d�=d log10 �(pb) Æstat Æsyst ÆES CQED Chad125 < Q2 < 250 GeV2{2.00 - {1.50 9:17 �0:48 +0:44�0:44 +0:70�0:62 0:97 0:83{1.50 - {1.35 25:0 �1:4 +1:8�1:8 +1:4�0:7 0:95 0:89{1.35 - {1.10 19:74 �0:93 +0:43�0:41 +1:17�1:65 0:95 0:86{1.10 - {0.50 2:52 �0:20 +0:10�0:10 +0:26�0:19 0:99 0:83250 < Q2 < 500 GeV2{2.00 - {1.50 8:65 �0:49 +0:59�0:57 +0:42�0:38 0:94 0:93{1.50 - {1.30 23:4 �1:2 +1:5�1:4 +1:1�1:3 0:94 0:93{1.30 - {1.00 16:18 �0:83 +0:55�0:44 +1:02�0:78 0:93 0:89{1.00 - {0.50 1:77 �0:21 +0:09�0:09 +0:10�0:11 0:94 0:88500 < Q2 < 1000 GeV2{1.90 - {1.50 4:32 �0:40 +0:15�0:18 +0:23�0:17 0:94 0:92{1.50 - {1.20 17:50 �0:88 +1:00�1:00 +0:72�0:75 0:94 0:94{1.20 - {0.90 9:45 �0:63 +0:90�0:90 +0:50�0:35 0:91 0:92{0.90 - {0.60 1:48 �0:26 +0:09�0:09 +0:06�0:06 0:98 0:861000 < Q2 < 2000 GeV2{1.70 - {1.40 2:72 �0:37 +0:33�0:33 +0:06�0:12 0:93 0:94{1.40 - {1.20 10:98 �0:86 +1:23�1:23 +0:22�0:01 0:94 0:98{1.20 - {1.00 10:37 �0:84 +0:48�0:48 +0:26�0:28 0:92 0:96{1.00 - {0.60 2:17 �0:25 +0:15�0:15 +0:06�0:08 0:85 0:892000 < Q2 < 5000 GeV2{1.60 - {1.20 2:14 �0:26 +0:14�0:14 +0:01�0:02 0:92 0:99{1.20 - {1.00 8:28 �0:80 +0:54�0:54 +0:14�0:18 1:00 0:96{1.00 - {0.60 2:48 �0:30 +0:16�0:16 +0:08�0:04 0:93 0:94Table 7: Dijet ross-setions d�=d log10 � for jets of hadrons in the Breit frameseleted with the longitudinally invariant kT luster algorithm in di�erent regionsof Q2. Other details as in the aption to Table 1.18



EjetT;B bin d�=dEjetT;B(GeV) (pb/GeV) Æstat Æsyst ÆES CQED Chad125 < Q2 < 250 GeV28-10 32.97 0.49 +1:21�1:21 +1:81�1:69 0.96 0.9010-14 13.00 0.22 +0:19�0:19 +0:79�0:75 0.98 0.9414-18 3.71 0.11 +0:15�0:15 +0:28�0:24 0.97 0.9418-25 0.835 0.037 +0:013�0:012 +0:051�0:056 0.94 0.9325-100 0.0160 0.0014 +0:0027�0:0027 +0:0010�0:0011 0.97 0.86250 < Q2 < 500 GeV28-10 18.40 0.38 +0:74�0:74 +0:68�0:60 0.94 0.9210-14 8.74 0.19 +0:30�0:30 +0:33�0:35 0.96 0.9514-18 3.30 0.11 +0:15�0:15 +0:18�0:14 0.96 0.9718-25 0.889 0.042 +0:041�0:041 +0:052�0:057 0.92 0.9725-100 0.0242 0.0020 +0:0005�0:0005 +0:0012�0:0011 0.95 0.91500 < Q2 < 1000 GeV28-10 8.79 0.26 +0:34�0:34 +0:26�0:15 0.96 0.9110-14 4.69 0.14 +0:19�0:19 +0:11�0:13 0.94 0.9514-18 2.239 0.093 +0:137�0:137 +0:091�0:074 0.93 0.9818-25 0.701 0.039 +0:051�0:051 +0:026�0:026 0.96 0.9925-100 0.0335 0.0027 +0:0018�0:0018 +0:0019�0:0019 0.96 0.971000 < Q2 < 2000 GeV28-10 3.30 0.16 +0:14�0:14 +0:09�0:08 0.93 0.9310-14 1.985 0.091 +0:077�0:077 +0:017�0:037 0.91 0.9514-18 1.115 0.069 +0:056�0:056 +0:034�0:008 0.98 0.9918-25 0.492 0.034 +0:039�0:039 +0:009�0:018 0.93 0.9925-100 0.0263 0.0026 +0:0043�0:0043 +0:0020�0:0013 1.00 1.002000 < Q2 < 5000 GeV28-10 1.292 0.095 +0:120�0:120 +0:033�0:022 0.92 0.9010-14 0.858 0.060 +0:024�0:024 +0:007�0:006 0.90 0.9314-18 0.612 0.052 +0:070�0:070 +0:023�0:017 1.02 1.0018-25 0.242 0.024 +0:028�0:028 +0:009�0:006 0.96 1.0025-100 0.0185 0.0021 +0:0023�0:0023 +0:0004�0:0005 0.91 0.995000 < Q2 < 100000 GeV28-10 0.225 0.037 +0:091�0:091 +0:011�0:006 0.99 0.9310-14 0.267 0.037 +0:022�0:023 +0:003�0:019 0.96 0.9314-18 0.122 0.024 +0:017�0:017 +0:003�0:005 0.97 0.9818-25 0.070 0.013 +0:019�0:019 +0:001�0:000 0.98 0.9925-100 0.0114 0.0022 +0:0042�0:0042 +0:0003�0:0001 0.99 1.00Table 8: Inlusive jet ross-setions d�=dEjetT;B for jets of hadrons in the Breitframe seleted with the longitudinally invariant kT luster algorithm in di�erentregions of Q2. Other details as in the aption to Table 1.19
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