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Forward-jet prodution in deep inelasti epsattering at HERA

ZEUS Collaboration
AbstratForward jet ross setions have been measured in neutral urrent deep inelastisattering at low Bjorken-x with the ZEUS detetor at HERA using an integratedluminosity of 81:8 pb�1. Measurements are presented for inlusive forward jetsas well as for forward jets aompanied by a dijet system. The explored phasespae, with jet pseudorapidity up to 4.3 is expeted to be partiularly sensitiveto the dynamis of QCD parton evolution at low x. The measurements areompared to �xed-order QCD alulations and to leading-order parton-showerMonte Carlo models.
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1 IntrodutionDeep inelasti lepton sattering (DIS) o� protons provides a rih �eld for exploring theparton dynamis in QCD. HERA has extended the phase-spae region in the Bjorkensaling variable, xBj, down to a few 10�5. At suh low xBj, several steps in the QCDasade initiated by a parton from the proton an our before the �nal interation withthe virtual photon takes plae. The result of this asade may be observed in the �nalstate and provides an opportunity to study the QCD parton evolution in detail.Within perturbative QCD (pQCD), �xed-order alulations for the parton evolution areso far available only at next-to-leading order (NLO). A number of di�erent approximationsto the QCD evolution have been developed, based on summing of partiular subsets ofdiagrams in aordane with their importane in the phase spae onsidered.The onventional DGLAP [1{3℄ approah sums up the leading logarithms in the virtualityof the exhanged boson, Q2, and is expeted to be valid at not too small xBj and Q2. Atsmall xBj, a better approximation is expeted to be provided by the BFKL formalism [4℄whih resums the leading logarithm terms in 1=x, where x is the frational longitudinalmomentum of a parton. The CCFM [5, 6℄ approah interpolates between the two typesof evolution, DGLAP and BFKL.The DGLAP evolution equations have been suessfully tested at HERA in inlusivemeasurements at low xBj and no indiation of BFKL dynamis was observed. The dy-namis at low xBj an be further probed by measurements of the partoni �nal statethat highlight the di�erenes between preditions of the BFKL and DGLAP formalisms.BFKL evolution results in a larger fration of small xBj events with forward jets1 thanthe DGLAP evolution. A forward jet is haraterised by a high frational longitudinalmomentum, xjet = pjetZ =p, where p is the proton momentum and pjetZ is the longitudinaljet momentum [7℄.A omparison of data on forward jets with the DGLAP leading-order parton-shower MonteCarlo programmes performed previously in DIS at HERA [8{10℄ has revealed a learde�it of forward jets in the Monte Carlo. However, the addition of a parton asadeevolved aording to DGLAP on the photon side has signi�antly improved the desription[11℄. The simulation based on the Color Dipole Model (CDM) [12{14℄, whih inludesparton emissions not ordered in transverse momentum, also sueeded in desribing thedata. Fixed-order NLO QCD alulations [15,16℄ were also ompared to the forward jetsmeasurements in more reent publiations and failed to desribe the data. These studies1 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.VII



were performed up to pseudorapidities 3 [17℄ and 2.7 [18℄.In this paper, measurements of inlusive forward-jet ross setions for pseudorapidities ofup to 4.3 are presented, based on a data sample whih orresponds to a twofold inreasein luminosity with respet to the previous ZEUS analysis [17℄. Furthermore, a omparisonof the measured ross setions with the Casade Monte Carlo [19℄, based on the CCFMevolution, is presented. In addition, measurements of \forward jet + dijet" ross setions,as investigated by the H1 Collaboration [18℄, are reported. These measurements exploreparton evolution in a more exlusive way and are more sensitive to its details.2 Theoretial framework and phase-spae de�nitionsThe DGLAP evolution equations, based on ollinear fatorisation, assume that the dom-inant ontribution to parton evolution omes from subsequent parton emissions that arestrongly ordered in transverse momenta, kT , where the parton with the largest kT in-terats with the photon. In this formalism, only the leading terms in lnQ2 in the QCDperturbative expansion are summed up. Sine this approximation does not resum leadingln 1=x terms, it may not be adequate at low xBj.Contrary to the DGLAP approah, the BFKL evolution equation resums the leadingln 1=x and the evolution proeeds over x at �xed Q2. The BFKL approah imposes noordering in kT but strong ordering in x, with the low-x parton interating with the photon.At small xBj, the di�erene between these approahes to the QCD parton evolution isexpeted to be most prominent for hard partons reated at the beginning of the asade,i.e. at pseudorapidities lose to the proton (forward region).The CCFM approah is based on the idea of oherent gluon radiation, whih leads toangular ordering of gluon emissions in the gluon ladder. It interpolates between theabove two types of evolution, so it should be appliable over a larger phase-spae region.A phenomenologial approah to parton evolution is provided by CDM [12{14℄. In thismodel, gluons are emitted by olor dipoles suessively spanned between partons in theasade. Due to independent radiation of the dipoles, the emitted gluons are not orderedin kT and thus CDM mimis the BFKL-type evolution.To investigate the relevane of di�erent approahes, events with a jet in the forwardregion were analysed in the low-xBj region. Events were required to have at least one jetsatisfying the following riteria:� (pjetT )2 � Q2;� xjet � xBj, VIII



where pjetT is the transverse momentum of the jet. The �rst ondition suppresses strongordering in the transverse momenta and dereases the probability of having a DGLAP-type evolution. The seond ondition enhanes the phase spae for the BFKL evolution.A further event sample alled \forward jet+dijet", whih ontains at least two hard jetsin addition to the forward jet (fjet), was seleted. The jets were ordered in pseudorapiditysuh that �jet1 < �jet2 < �fjet. For this sample, the pseudorapidity separation of dijets,��1 = �jet2 � �jet1 , and the pseudorapidity di�erene between the forward and the seondjet of the dijet, ��2 = �fjet � �jet2 , were studied.The ross setion as a funtion of ��2 was investigated for two intervals of ��1, ��1 < 1and ��1 > 1. With suh a hoie of ��1, di�erent dynamis of the partons in the asadeare expeted to be highlighted. For ��1 < 1, small invariant masses of the dijet systemare favoured and, therefore, partons with small values of xg are produed, where xg is thelongitudinal momentum fration arried by the gluon oupled to the hard dijet system(Fig. 1). Consequently, a large spae is left for BFKL-type evolution in x from the forwardjet to the dijet system. When ��1 is large, BFKL-like evolution an our between thepartons produing the dijet system.3 Experimental set-upThe analysis was performed with the data taken with the ZEUS detetor from 1998to 2000, when HERA ollided eletrons or positrons2 with energy of Ee = 27:5 GeV withprotons of energy Ep = 920 GeV, yielding a entre-of-mass energy of 318 GeV. The resultsare based on the sum of the e�p and e+p samples, orresponding to integrated luminositiesof 16:4� 0:3 pb�1 and 65:3� 1:5 pb�1, respetively.A detailed desription of the ZEUS detetor an be found elsewhere [20℄. A brief outlineof the omponents that are most relevant for this analysis is given below.Charged partiles are traked in the entral traking detetor (CTD) [21℄, whih operatesin a magneti �eld of 1:43 T provided by a thin superonduting solenoid. The CTDonsists of 72 ylindrial drift hamber layers, organised in nine superlayers overing thepolar-angle region 15Æ < � < 164Æ. The transverse-momentum resolution for full-lengthtraks is �(pT )=pT = 0:0058pT � 0:0065� 0:0014=pT , with pT in GeV.The high-resolution uranium{sintillator alorimeter (CAL) [22℄ onsists of three parts:the forward (FCAL), the barrel (BCAL) and the rear (RCAL) alorimeters. Eah partis subdivided transversely into towers and longitudinally into one eletromagneti se-tion (EMC) and either one (in RCAL) or two (in BCAL and FCAL) hadroni setions2 Hereafter, both e+ and e� are referred to as eletrons, unless expliitly stated otherwise.IX



(HAC). The smallest subdivision of the alorimeter is alled a ell. The CAL energy res-olutions, as measured under test-beam onditions, are �(E)=E = 0:18=pE for eletronsand �(E)=E = 0:35=pE for hadrons, with E in GeV.The luminosity was measured using the bremsstrahlung proess ep ! ep with theluminosity monitor [23℄, a lead-sintillator alorimeter plaed in the HERA tunnel atZ = �107 m.For the 1998-2000 running period, the forward plug alorimeter (FPC) [24℄ was installedin the 20�20 m2 beam hole of the FCAL, with a small hole of radius 3:15 m in the enterto aommodate the beam pipe. The FPC inreased the forward alorimetri overageby about 1 unit of pseudorapidity to �� 5. The FPC onsisted of a lead{sintillatorsandwih alorimeter divided longitudinally into eletromagneti and hadroni setionsthat were read out separately by wavelength-shifting �bers and photomultipliers. Theenergy resolution, as measured under test-beam onditions, was �(E)=E = 0:41=pE �0:062 and �(E)=E = 0:65=pE�0:06 for eletrons and pions, respetively, with E in GeV.4 Event seletion and jet de�nitionA three-level trigger was used to selet events online [20℄. The neutral urrent DIS eventswere seleted o�ine using riteria similar to those reported previously [25℄. The mainsteps are outlined below.The sattered eletron was identi�ed using an algorithm based on a neural network [26℄.The kinemati variables Q2, xBj and the inelastiity y were reonstruted using the double-angle method (DA) [27℄, where the hadroni �nal state was reonstruted using ombina-tions of CTD traks and energy lusters measured in the CAL to form energy-ow objets(EFOs) [28℄.The following riteria were applied o�ine to selet DIS events:� a sattered eletron with energy E 0e above 10 GeV, to ensure a well reonstrutedeletron and to suppress the bakground from photoprodution events, in whih thesattered eletron esapes undeteted in the rear beampipe;� 40 < Æ < 65 GeV, where Æ = Pi(Ei � PZ;i), where Ei and PZ;i are the energy andZ-omponent of the momentum of eah EFO and the sattered eletron. This utremoved events with large initial-state radiation and redued the bakground fromphotoprodution events;� ye < 0:95, where ye = 1 � E0e2Ee (1 � os �0e) and �0e is the polar angle of the eletron.Along with the previous requirements, this redues the photoprodution bakgroundto a negligible level; X



� jXj > 24 m or jY j > 12 m, where X and Y are the impat positions of the positronon the CAL, to avoid the low-aeptane region adjaent to the rear beampipe;� the Z oordinate of the vertex, Zvtx, determined from CTD traks, was required to bein the range jZvtxj < 50 m along the beam axis. This ut removed bakground eventsfrom non-ep interations;� 0:04 < yDA < 0:7;� 20 < Q2DA < 100 GeV2;� 0:0004 < xDA < 0:005.After this seletion, the jets were identi�ed using the kT luster algorithm [29℄ in thelongitudinally invariant inlusive mode [30℄ applied in the Breit frame [31℄ on the CALand FPC ells, exluding those belonging to the sattered eletron. The reonstrutedjets were then boosted bak to the laboratory frame. Jet-energy orretions were appliedin order to aount for the energy loss in the inative material in front of the detetor.The events were required to have at least one jet satisfying the following riteria in thelaboratory frame:� the transverse energy of eah jet was required to be EjetT > 5 GeV;� the pseudorapidity of eah jet was required to be in the interval 2 < �jet < 4:3;� xjet > 0:036, whih selets forward jets with large energy;� 0:5 < (EjetT )2=Q2 < 2, whih suppresses the DGLAP-type evolution;� jets with 2:8 < �jet < 3:35 and with the azimuthal angle of the jet, � expressed inradians, in the ranges 0 < �jet < 0:4, 1:0 < �jet < 2:2, 2:7 < �jet < 3:6, 4:2 < �jet < 5:3or 5:7 < �jet < 6:3 were rejeted due to poor reonstrution aused by the large ellsize in the FCAL;Using the sample desribed above, the triple di�erential ross setions, with the 0:5 <(EjetT )2=Q2 < 2 ut removed, were measured in two intervals of Q2, 20 < Q2 < 40 GeV2and 40 < Q2 < 100 GeV2 and for EjetT > 5 GeV.For the \forward jet+dijet" analysis, the events were required to have one forward jet,satisfying the same seletion riteria as above, with the exeption of the (EjetT )2=Q2 ut,and at least two additional jets with EjetT > 5 GeV. The two additional jets, hosen withthe highest transverse energy were required to lie in the pseudorapidity region �1:5 <�jet < 4:3. The three seleted jets were ordered in �jet as desribed in Setion 2.XI



5 Monte Carlo simulationsVarious MC samples were generated. Samples of Lepto and Ariadne generators wereused to simulate the detetor response to jets of hadrons and to determine the hadroni-sation orretions needed for omparison with perturbative QCD alulations. The samesamples were used to ompare the measurements to the Lepto and Ariadne models.In addition, the data were ompared to expetations of the Ariadne generator with itsnewly tuned proton-remnant treatment, \Ariadne tuned", and to the Casade gener-ator.The Lepto [32℄ MC program is based on �rst-order QCD matrix elements supplementedwith parton showers (MEPS), whih follow DGLAP evolution.The CDM approah is represented by the Ariadne 4.08 [33℄ MC program and its tunedvariant (\Ariadne tuned"3) as desribed in a reent H1 publiation [18℄.The Casade MC program [19, 34℄ is based on the CCFM evolution and uses kT -fatorisation of the ross setion into an o�-shell matrix element and an unintegratedparton (gluon) density funtion (uPDF). Preditions of Casade were obtained with theJ2003 set-1 and set-2 uPDFs [35℄. The J2003 set-2 inludes non-singular terms in thesplitting funtion and redues the ross setions at low xBj.In all MC models, the fragmentation of the �nal-state partons has been performed usingthe Lund [36℄ string model as implemented in Jetset 7.4 [37℄.Both Lepto and Ariadne were interfaed to Herales 4.6.1 [38℄ via Djangoh 1.1 [39℄.The Herales program simulates �rst-order eletroweak radiative orretions. TheCTEQ5L [40℄ proton parton distribution funtions (PDF) were used in both ases.The events generated with Lepto and Ariadne were passed through the Geant 3.13-based [41℄ ZEUS detetor and trigger simulation programs [20℄. They were reonstrutedand analysed using the same program hain as the data.6 Aeptane orretion and systemati studiesThe orretion fators to the data for detetor-aeptane e�ets were obtained with theAriadne and Lepto MC programs. These orretion fators were alulated bin by bin3 The following parameters have been hanged from their default values: the powers, de�ning thefration of the proton remnant partiipating in the emission, PARA(10)=1.2 (default=1.0) andPARA(25)=1.2 (default=2.0); the square root of the mean value of the primordial p2? in the pro-ton remnant, PARA(27)=0.9 (default=0.6). XII



as CA = NdetMCNhadMC ;where NdetMC (NhadMC ) is the number of jets in bins of the detetor (hadron) level distribution.For this approah to be valid, the distributions in the data must be well desribed bythe MC simulation at the detetor level, a ondition whih was in general satis�ed byboth Ariadne and Lepto. The average between the orretion fators obtained withAriadne and Lepto was taken. The values of CA were generally between 0.4 and 1.2for the inlusive forward-jet sample, and 0.5 to 1.4 for the \forward jet+dijet" sample.To ensure the orret MC reonstrution of the jets near the boundary between FCAL andFPC, jet pro�les in the data and MC were ompared and found to be in good agreement.The major soures of systemati unertainty were as follows (the e�ets on the rosssetions are shown in parentheses):� the largest unertainty resulted from the model dependene of the aeptane orre-tions. This unertainty was estimated using the deviations of Lepto and Ariadneorretions from their average (� 10% for inlusive forward jet sample, < 25 % forforward jet+dijet sample);� � 3% shift of jet energies due to the CAL energy-sale unertainty (< 10 % );� � 10% shift of jet energies due to the FPC energy-sale unertainty (� 15% for thelast �jet bin, negligible elsewhere);� the seletion of inlusive DIS events (< 1%). The uts on the sattered-eletron energy,the X and Y position of the eletron, Æ and Zvtx were varied.These systemati unertainties, exept for the energy-sale unertainty, were added inquadrature separately for the positive and negative variations in eah bin. The energysale unertainties, whih are orrelated between bins, are shown separately. The uner-tainty in the luminosity of � 2:2% is not inluded in the �gures.7 NLO QCD alulationsFor inlusive forward jets, �xed-order alulations were performed with the Disent [15℄ode, at O(��2s) in the MS renormalisation and fatorisation shemes. The number ofavours was set to �ve; the renormalisation (�R) and fatorisation (�F) sales were bothset to �R = �F = Q. The CTEQ6M [42℄ parameterisation of the proton PDFs was used.The theoretial unertainty in the alulations was estimated onsidering the followingthree soures: XIII



� �R was varied up and down by a fator of two, whih ontributed up to 57% dependingon the phase-spae region;� �F was also varied up and down by a fator of two and the resulting unertainty wasless than 5% exept in the lowest xBj bin and the most forward region;� the PDF unertainty was estimated using the 40 di�erent sets of CTEQ6 partondistribution funtions [42℄.For \forward jet+dijet" ross setions, the program Nlojet++ [16℄ was used. Thisprogram alulates three-jet prodution in DIS at NLO O(��3s) and uses the MS sheme.The number of avours, �R and �F were set as in Disent.In order to ompare the data to NLO alulations, orretions from the parton to thehadron level, CHAD, were determined in eah bin. The hadronisation orretions CHADwere alulated as an average between those obtained from Lepto and from Ariadneand applied to the NLO alulations. The unertainty of the hadronisation orretionCHAD was assumed to be the absolute di�erene in the two values.8 ResultsCross setions for inlusive forward jets and for events ontaining a dijet system in additionto the forward jet, were measured in the kinemati region given by 20 < Q2<100 GeV2,0:04 < y < 0:7 and 0:0004 < xBj < 0:005. The di�erential jet ross setions are presentedas funtions of the variable � = Q2; xBj; EjetT ; �jet. They were determined asd�d� = N jetdataL ��� � CQEDCA ;where N jetdata is the number of jets in a bin of width ��, L is the integrated luminosity, andCQED = NnoQEDMC =NQEDMC , where NQEDMC (NnoQEDMC ) is the number of events seleted at thehadron level in a given � bin in the MC sample generated with (without) QED radiation.The triple di�erential ross setions were obtained in a similar manner,d3�dQ2d(EjetT )2d� = N jetdataL ��Q2 ��(EjetT )2 ��� � CQEDCA :8.1 Inlusive forward-jet measurementsThe measured di�erential forward-jet ross setions as funtions of Q2, xBj, EjetT and �jetare shown in Fig. 2, where they are ompared to NLO alulations.XIV



The alulations predit lower ross setions than obtained from the data by as muh as afator two; however, they have a large theoretial unertainty. The strong dependene ofthe alulation on �R an be related to the fat that in this kinemati region higher-orderterms beome relevant. As a demonstration, the leading-order alulation is also shownin Fig. 2 for eah di�erential ross setion. It is far below the measurement, indiatingthat the ontribution of O(�2s ) terms is signi�ant. A reent publiation [18℄, whihused a harder renormalisation sale (the average E2T of the dijets oming from the hardsattering), reported a smaller renormalisation-sale unertainty.A omparison of the data with the Ariadne and Lepto MC is shown in Fig. 3. Thepreditions of the CDM obtained with \Ariadne default" are in fair agreement with thedata with the exeption of high EjetT and high �jet, where Ariadne overestimates the rosssetions. An investigation has shown that in Ariadne the proton-remnant fragments aregenerated with high pT , therefore they show up at muh lower � than in other generators.The newly tuned Ariadne, also shown in Fig. 3, yields lower ross setions, in partiularat high EjetT and high �jet, and provides a good desription of the data.The preditions of the Lepto MC are found to be in agreement with data in shape for alldistributions, however the absolute normalisation is below the measurements by a fatorof two.The measurement of di�erential forward-jet ross setions is ompared to the preditionof the Casade MC model in Fig. 4. Neither of the investigated uPDF sets gives a sat-isfatory agreement with the measurements in all distributions, suggesting that a furtheradjustment of the input parameters of the Casade model is neessary.8.2 Triple-di�erential forward-jet ross setionThe triple-di�erential forward-jet ross setions as a funtion of �jet are presented in twointervals of Q2 and three intervals of (EjetT )2 in Fig. 5. Also shown in Fig. 5 are the expe-tations of the NLO alulations from Disent. The alulations generally underestimatethe ross setions. The largest disrepany between the data and the theory is seen inthe high-Q2 range and for (EjetT )2 < 100 GeV2. This region is sensitive to multigluonemission, whih is laking in the NLO alulations.In Fig. 6, the data are ompared with Lepto and Ariadne. As was already observed inFig. 3, the Lepto MC is always below the measurements.The ross setions of \Ariadne tuned" are below those of the \Ariadne default" inall the presented phase spae. The di�erene between the two versions is smallest in thelowest-(EjetT )2 interval, where both are lose to the data. In the highest-(EjetT )2 interval,the di�erene is big and \Ariadne tuned" gives a good desription of the data.XV



A omparison of the data with the Casade MC with two sets of uPDFs is shown inFig. 7.The expetations of Casade are lose to the data in the low-Q2 interval for set-1, whilein the high-Q2 interval the set-2 gives a better desription of the data. None of the setsan aomodate all the features of the data.8.3 Forward jet+dijet measurementsThe measured ross setions for events with a dijet system in addition to the forwardjet are ompared with �xed-order QCD alulations and LO parton-shower MC modelsin Figs. 8-10. The ross setions are presented as a funtion of ��1 and ��2, and as afuntion of ��2 for two ases, namely, ��1 < 1 and ��1 > 1.A omparison between data and the preditions of Nlojet++ is shown in Fig. 8. Asalready observed by the H1 experiment [18℄, the Nlojet++ alulations agree well withthe data at large ��2, while they do not desribe the data at small ��2, espeially forsmall ��1. The large ��2 kinematis at low xBj favours dijets originating from photon-gluon fusion, with an additional gluon responsible for the forward jet. This ase is welltreated by Nlojet++. The small ��1 and ��2 region orresponds to the event on�g-uration in whih all the three jets tend to go forward, away from the hard interation.This on�guration favours multigluon emission, whih is not expeted to be desribed byNlojet++.The omparison between data and the Lepto and Ariadne MCs is shown in Fig. 9.As before, the Lepto preditions are below the data for all di�erential ross setions.The \Ariadne default" overestimates the ross setions. This implies that energetimultiple jets are produed too often in the \Ariadne default". The tuning of the Ari-adne parameters brings this model into very good agreement with data for all di�erentialdistributions.The omparison of the Casade MC to the data is presented in Fig. 10. As before,Casade does not satisfatorily reprodue the measurement.9 SummaryA new measurement of the inlusive jet ross setions has been performed in an extendedforward region, 2 < �jet < 4:3, with higher statistis and smaller systemati unertaintiesompared to previous studies. The measured di�erential ross setions are presented asfuntions of Q2, xBj, EjetT and �jet. The measurements were ompared to the preditions ofXVI



next-to-leading-order QCD alulations, whih were found to be below the data, in ertainregions by as muh as a fator of two. The large ontribution of next-to-leading-orderorretions and the size of the theoretial unertainty indiate that in this phase spaehigher-order ontributions are important. The best overall desription of the inlusiveforward-jet ross setions was obtained by the newly tuned Ariadne MC model. TheCasade MC with J2003 set-1 and J2003 set-2 for unintegrated gluon density failed tosatisfatorily desribe the data. Therefore, these measurements an be used for furtheradjusting the input parameters of the Casade model.The measurement of the ross setions of the events ontaining a dijet system in additionto the forward jet is presented as funtions of pseudorapidity separation between jetsomposing the dijet, ��1, and pseudorapidity separation between forward jet and dijetsystem, ��2, for all ��1 values and for ��1 < 1 and ��1 > 1. NLO alulations desribethe data at large ��2 but underestimate the ross setions at small ��2, espeially forsmall values of ��1, where, in the ase of small xBj, the ontribution of multiple gluonemission is expeted to be large. The preditions of Lepto are signi�antly below thedata. Ariadne with default parameters signi�antly overestimates the ross setionswhereas the new tuning provides a good desription of the data. The Casade MC,as in the inlusive ase, does not provide a satisfatory desription of measured rosssetions.
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Q2 bin d�=dQ2 Æstat Æsyst ÆCAL ÆFPC CQED CHAD(GeV2) (pb=GeV2)20 - 30 23:21 �0:43 +0:81�0:79 +1:39�1:95 +3:06�3:03 0:97 0:8930 - 40 15:49 �0:33 +0:48�0:54 +0:95�1:05 +1:73�1:61 0:96 0:8940 - 50 9:76 �0:26 +0:26�0:37 +0:54�0:77 +0:91�1:07 0:94 0:8950 - 60 6:65 �0:21 +0:27�0:22 +0:40�0:36 +0:55�0:51 0:97 0:9160 - 80 3:21 �0:10 +0:12�0:08 +0:20�0:18 +0:22�0:22 0:97 0:8980 - 100 1:36 �0:07 +0:07�0:03 +0:06�0:08 +0:08�0:09 0:94 0:91Table 1: The di�erential ross setion, d�=dQ2, in bins of Q2 for inlusive forwardjets. The statistial (Æstat), systemati (Æsyst) and jet-energy-sale unertainties forCAL and FPC (ÆCAL and ÆFPC) are shown separately. The multipliative orretionapplied to orret for QED radiative e�ets (CQED) and for hadronisation e�ets(CHAD) are shown in the last two olumns.xBj bin d�=dxBj Æstat Æsyst ÆCAL ÆFPC CQED CHAD(nb)0.0004 - 0.001 275 �6 +19�19 +16�20 +34�35 0:97 0:860.001 - 0.002 200 �4 +10�9 +14�14 +23�20 0:97 0:880.002 - 0.003 125 �3 +2�3 +6�9 +11�12 0:96 0:900.003 - 0.004 89 �2 +4�3 +5�6 +9�9 0:95 0:920.004 - 0.005 65 �2 +1�1 +4�5 +6�6 0:94 0:95Table 2: The di�erential ross setion, d�=dxBj, in bins of xBj for inlusive for-ward jets. The statistial, systemati and jet-energy-sale unertainties are shownseparately (see the aption of Table 1).EjetT bin d�=dEjetT Æstat Æsyst ÆCAL ÆFPC CQED CHAD(GeV) (pb=GeV)5 - 6.5 245:1 �3:2 +6:9�7:6 +15:0�18:7 +32:6�31:3 0:96 0:916.5 - 8 123:2 �2:4 +4:5�4:5 +7:7�8:1 +10:0�10:2 0:97 0:928 - 9.5 42:04 �1:40 +1:22�1:20 +1:9�2:35 +1:50�1:69 0:96 0:899.5 - 11 13:38 �0:73 +1:17�0:99 +0:63�1:49 +0:62�1:35 0:96 0:8711 - 14 2:21 �0:21 +0:16�0:20 +0:05�0 +0:08�0:21 0:93 0:89Table 3: The di�erential ross setion, d�=dEjetT , in bins of EjetT for inlusive for-ward jets. The statistial, systemati and jet-energy-sale unertainties are shownseparately (see the aption of Table 1). XX



�jet bin d�=d�jet Æstat Æsyst ÆCAL ÆFPC CQED CHAD(pb)2 - 2.3 118:0 �5:1 +7:8�7:8 +8:4�6:8 +0�0:1 0:97 0:872.3 - 2.6 361:4 �8:5 +20:0�21:0 +24:2�34:1 +0�1:3 0:95 0:902.6 - 2.9 438:2 �9:6 +14:9�12:4 +40:9�48:7 +0:8�1:0 0:96 0:932.9 - 3.5 331:0 �8:1 +19:2�20:2 +17:0�25:2 +15:5�15:4 0:95 0:923.5 - 4.3 211:6 �4:2 +6:6�7:7 +4:8�5:1 +54:9�79:1 0:98 1:01Table 4: The di�erential ross setion, d�=d�jet, in bins of �jet for inlusive for-ward jets. The statistial, systemati and jet-energy-sale unertainties are shownseparately (see the aption of Table 1).
��1 bin d�=d��1 Æstat Æsyst ÆCAL ÆFPC CQED CHAD(pb)0.0 - 0.7 82:88 �3:77 +12:88�12:88 +8:24�10:9 +4:24�4:24 0:98 0:740.7 - 1.4 79:35 �3:65 +11:18�11:01 +9:40�8:66 +5:18�4:13 0:99 0:761.4 - 2.1 50:68 �2:62 +5:53�6:12 +4:79�6:91 +3:68�3:49 0:98 0:762.2 - 4 15:30 �0:99 +2:35�1:67 +1:16�2:42 +1:36�2:10 0:96 0:75Table 5: The di�erential ross setion, d�=d��1, in bins of ��1 for \forwardjet+dijet" events. The statistial, systemati and jet-energy-sale unertainties areshown separately (see the aption of Table 1).
��2 bin d�=d��1 Æstat Æsyst ÆCAL ÆFPC CQED CHAD(pb)0.0 - 0.8 56:38 �2:64 +5:26�4:72 +5:42�5:97 +1:35�1:42 0:98 0:780.8 - 1.6 76:23 �3:33 +5:23�6:18 +7:44�9:52 +2:51�3:09 0:96 0:791.6 - 2.4 56:06 �2:82 +9:33�8:69 +5:18�7:31 +4:44�4:79 1:01 0:752.4 - 3.2 19:44 �1:27 +4:46�3:98 +2:12�2:70 +2:69�2:58 0:97 0:69Table 6: The di�erential ross setion, d�=d��2, in bins of ��2 for \forwardjet+dijet" events. The statistial, systemati and jet-energy-sale unertainties areshown separately (see the aption of Table 1).
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��2 bin d�=d��1 Æstat Æsyst ÆCAL ÆFPC CQED CHAD(pb)0.0 - 0.8 14:86 �1:36 +1:17�1:71 +1:65�1:86 +0�0:24 1:00 0:820.8 - 1.6 30:04 �2:17 +4:58�5:04 +3:21�3:04 +0:26�0:34 0:99 0:811.6 - 2.4 29:48 �1:93 +4:13�3:78 +2:64�3:42 +1:12�0:79 1:02 0:782.4 - 3.4 12:33 �0:94 +2:59�2:27 +1:44�1:78 +1:63�1:50 0:96 0:68Table 7: The di�erential ross setion, d�=d��2, in bins of ��2 for \forwardjet+dijet" events in the ase of ��1 < 1. The statistial, systemati and jet-energy-sale unertainties are shown separately (see the aption of Table 1).

��2 bin d�=d��1 Æstat Æsyst ÆCAL ÆFPC CQED CHAD(pb)0.0 - 0.6 40:03 �2:28 +5:32�4:81 +3:62�4:12 +1:19�1:14 0:97 0:750.6 - 1.2 46:58 �2:59 +1:66�2:71 +3:87�5:97 +1:58�1:76 0:96 0:801.2 - 1.8 36:46 �2:74 +7:01�5:80 +4:08�5:49 +4:38�5:49 0:98 0:761.8 - 2.8 10:27 �1:03 +2:91�2:87 +0:80�1:44 +1:91�2:51 0:99 0:71Table 8: The di�erential ross setion, d�=d��2, in bins of ��2 for \forwardjet+dijet" events in the ase of ��1 > 1. The statistial, systemati and jet-energy-sale unertainties are shown separately (see the aption of Table 1).
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