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Multijet prodution at low xBjin deep inelasti satteringat HERA
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AbstratInlusive dijet and trijet prodution in deep inelasti ep sattering has been mea-sured for 10 < Q2 < 100 GeV2 and low Bjorken x, 10�4 < xBj < 10�2. The datawere taken at the HERA ep ollider with entre-of-mass energy ps = 318 GeVusing the ZEUS detetor and orrespond to an integrated luminosity of 82 pb�1.Jets were identi�ed in the hadroni entre-of-mass (HCM) frame using the kTluster algorithm in the longitudinally invariant inlusive mode. Measurementsof dijet and trijet di�erential ross setions are presented as funtions of Q2, xBj,jet transverse energy, and jet pseudorapidity. As a further examination of low-xBj dynamis, multi-di�erential ross setions as funtions of the jet orrelationsin transverse momenta, azimuthal angles, and pseudorapidity are also presented.Calulations at O(�3s) generally desribe the trijet data well and improve thedesription of the dijet data ompared to the alulation at O(�2s).
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1 IntrodutionMultijet prodution in deep inelasti ep sattering (DIS) at HERA has been used totest the preditions of perturbative QCD (pQCD) over a large range of negative four-momentum transfer squared, Q2, and to determine the strong oupling onstant �s [1,2℄.At leading order (LO) in �s, dijet prodution in neutral urrent DIS proeeds via theboson-gluon-fusion (V �g ! q�q with V = , Z0) and QCD-Compton (V �q ! qg) proesses.Events with three jets an be seen as dijet proesses with an additional gluon radiationor with a gluon splitting into a quark-antiquark pair and are diretly sensitive to O(�2s)QCD e�ets. The higher sensitivity to �s and the large number of degrees of freedomof the trijet �nal state provide a good testing ground for the pQCD preditions. Inpartiular, multijet prodution in DIS is an ideal environment for investigating di�erentapproahes to parton dynamis at low Bjorken-x, xBj [3℄. An understanding of this regimeis of partiular relevane in view of the startup of the LHC, where many of the StandardModel proesses suh as the prodution of eletroweak gauge bosons or the Higgs partileinvolve the ollision of partons with a low fration of the proton momentum.In the usual ollinear QCD fatorisation approah, the ross setions are obtained asthe onvolution of perturbative matrix elements and parton densities evolved aordingto the DGLAP evolution equations [4℄. These equations resum to all orders the termsproportional to �s lnQ2 and the double logarithms lnQ2 � ln 1=x, where x is the frationof the proton momentum arried by a parton, whih is equal to xBj in the quark-partonmodel. In the DGLAP approah, the parton partiipating in the hard sattering is theresult of a partoni asade ordered in transverse momentum, pT . The partoni asadestarts from a low-pT and high-x parton from the inoming proton and ends up, afteronseutive branhing, in the high-pT and low-x parton entering in the hard sattering.This approximation has been tested extensively at HERA and was found to desribe wellthe inlusive ross setions [5,6℄ and jet prodution [1,2,7,8℄. At low xBj, where the phasespae for parton emissions inreases, terms proportional to �s ln 1=x may beome largeand spoil the auray of the DGLAP approah. In this region the transverse momentaand angular orrelations between partons produed in the hard satter may be sensitiveto e�ets beyond DGLAP dynamis. The information about ross setions, transverseenergy, ET , and angular orrelations between the two leading jets in multijet produtiontherefore provides an important testing ground for studying the parton dynamis in theregion of small xBj.In this analysis, orrelations for both azimuthal and polar angles, and orrelations injet transverse energy and momenta for dijet and trijet prodution in the hadroni (�p)entre-of-mass (HCM) frame are measured with high statistial preision in the kinematiregion restrited to 10 < Q2 < 100 GeV2 and 10�4 < xBj < 10�2. The results are ompared1



with pQCD alulations at next-to-leading order (NLO). A similar study of inlusive dijetprodution was performed by the H1 ollaboration [9℄.
2 Experimental set-upThe data used in this analysis were olleted during the 1998-2000 running period, whenHERA operated with protons of energy Ep = 920 GeV and eletrons or positrons1 ofenergy Ee = 27:5 GeV, and orrespond to an integrated luminosity of 81:7� 1:8 pb�1. Adetailed desription of the ZEUS detetor an be found elsewhere [10,11℄. A brief outlineof the omponents that are most relevant for this analysis is given below.Charged partiles are measured in the entral traking detetor (CTD) [12℄, whih oper-ates in 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-angle2 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 also to ross-hekthe energy 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) andthe rear (RCAL) alorimeters. Eah part is subdivided transversely into towers andlongitudinally into one eletromagneti setion and either one (in RCAL) or two (in BCALand FCAL) hadroni setions. The smallest subdivision of the alorimeter is alled aell. Under test-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℄, alead-sintillator alorimeter plaed in the HERA tunnel at Z = �107 m.1 In the following, the term \eletron" denotes generially both the eletron (e�) and the positron (e+).2 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 towardsthe entre of HERA. The oordinate origin is at the nominal interation point.2



3 Kinematis and event seletionA three-level trigger system was used to selet events online [11,15℄. Neutral urrent DISevents were seleted by requiring that a sattered eletron andidate with an energy morethan 4 GeV was measured in the CAL. The variable xBj, the inelastiity y, and Q2 werereonstruted o�ine using the eletron (subsript e) [16℄ and Jaquet-Blondel (JB) [17℄methods. For eah event, the reonstrution of the hadroni �nal state was performedusing a ombination of trak and CAL information, exluding the ells and the trakassoiated with the sattered eletron. The seleted traks and CAL lusters were treatedas massless energy ow objets (EFOs) [18℄.The o�ine seletion of DIS events was similar to that used in the previous ZEUS mea-surement [1℄ and was based on the following requirements:� E 0e > 10 GeV, where E 0e is the sattered eletron energy after orretion for energy lossfrom the inative material in the detetor;� ye < 0:6 and yJB > 0:1, to ensure a kinemati region with good reonstrution;� 40 < Æ < 60 GeV, where Æ = Pi(Ei � PZ;i), where Ei and PZ;i are the energy andz-momentum of eah �nal-state objet. The lower ut removed bakground fromphotoprodution and events with large initial-state QED radiation, while the upperut removed osmi-ray bakground;� jZvtxj < 50 m, where Zvtx is the Z position of the reonstruted primary vertex, toselet events onsistent with ep ollisions.The kinemati range of the analysis is10 < Q2 < 100 GeV2, 10�4 < xBj < 10�2 and 0:1 < y < 0:6.Jets were reonstruted using the kT luster algorithm [19℄ in the longitudinally invariantinlusive mode [20℄. The jet searh was onduted in the HCM frame, whih is equivalentto the Breit frame [21℄ apart from a longitudinal boost.The jet phase spae is de�ned by seletion uts on the jet pseudorapidity, �jetLAB, in thelaboratory frame and on the jet transverse energy, EjetT;HCM, in the HCM frame:�1:0 < �jet1;2(;3)LAB < 2:5 and Ejet1T;HCM > 7 GeV; Ejet2(;3)T;HCM > 5 GeV;where jet1,2(,3) refers to the two (three) jets with the highest transverse energy in theHCM frame for a given event. The dijet and trijet samples are inlusive in that theyontain at least two or three jets passing the seletion riteria, respetively.3



4 Monte Carlo simulationMonte Carlo (MC) simulations were used to orret the data for detetor e�ets, inef-�ienies of the event seletion and the jet reonstrution, as well as for QED e�ets.Neutral urrent DIS events were generated using the Ariadne 4.10 program [22℄ andthe Lepto 6.5 program [23℄ interfaed to Herales 4.5.2 [24℄ via Django 6.2.4 [25℄.The Herales program inludes QED e�ets up to O(�2EM). In the ase of Ariadne,events were generated using the olour-dipole model [26℄, whereas for Lepto, the matrix-elements plus parton-shower model was used. The CTEQ5L parameterisations of theproton parton density funtions (PDFs) [27℄ were used in the generation of DIS eventsfor Ariadne, and the CTEQ4D PDFs [27℄ were used for Lepto. For hadronisation theLund string model [28℄, as implemented in Jetset 7.4 [29, 30℄ was used.The ZEUS detetor response was simulated with a program based on Geant 3.13 [31℄.The generated events were passed through the detetor simulation, subjeted to the sametrigger requirements as the data, and proessed by the same reonstrution and o�ineprograms.The measured distributions of the global kinemati variables are well desribed by boththe Ariadne and Lepto MC models after reweighting in Q2 [1℄. The Lepto simulationgives a better overall desription of the jet variables, but Ariadne provides a betterdesription of dijets with small azimuthal separation. Therefore, for this analysis, theevents generated with the Ariadne program were used to determine the aeptaneorretions. The events generated with Lepto were used to estimate the unertaintyassoiated with the treatment of the parton shower.5 NLO QCD alulationsThe NLO alulations were arried out in the MS sheme for �ve massless quark avorswith the program NLOjet [32℄. The NLOjet program allows a omputation of thedijet (trijet) prodution ross setions to next-to-leading order, i.e. inluding all terms upto O(�2s) (O(�3s)). In ertain regions of the jet phase spae, where the two hardest jetsare not balaned in transverse momentum, NLOjet an be used to alulate the rosssetions for dijet prodution at O(�3s). It was heked that the LO and NLO alulationsfrom NLOjet agree with those of Disent [33℄ at the 1-2% level for the dijet rosssetions [34, 35℄.For omparison with the data, the CTEQ6M [36℄ PDFs were used, and the renormalisationand fatorisation sales were both hosen to be ( �E2T;HCM +Q2)=4, where for dijets (trijets)�ET;HCM is the average ET;HCM of the two (three) highest ET;HCM jets in a given event.4



The hoie of renormalisation sale mathes that used in the previous ZEUS multijetanalysis [1℄. The strong oupling onstant was set to the value used for the CTEQ6 PDFs,�s(MZ) = 0:118, and evolved aording to the two-loop solution of the renormalisationgroup equation.The NLO QCD preditions were orreted for hadronisation e�ets using a bin-by-binproedure. Hadronisation orretion fators were de�ned for eah bin as the ratio of thehadron- to parton-level ross setions and were alulated using the Lepto MC program,whih, at the parton level, gives a better agreement with NLOjet than Ariadne. Theorretion fators Chad were typially in the range 0:8� 0:9 for most of the phase spae.The theoretial unertainty was estimated by varying the renormalisation sale up anddown by a fator of two. The unertainties in the proton PDFs were estimated in the pre-vious ZEUS multijets analysis [1℄ by repeating NLOjet alulations using 40 additionalsets from CTEQ6M, whih resulted in a 2.5% ontribution to the theoretial unertaintyand was therefore negleted.6 Aeptane CorretionsThe Ariadne MC was used to orret the data for detetor e�ets. The jet transverseenergies were orreted for energy losses from inative material in the detetor. Typialjet energy orretion fators were 1 � 1:2, depending on the transverse energy of thedetetor-level jet and the jet pseudorapidity.The measured ross setions were orreted to the hadron level using a bin-by-bin proe-dure. These orretions aount for trigger eÆieny, aeptane, and migration. TypialeÆienies and purities were about 50% for the di�erential ross setions, with orre-tion fators typially between 1 and 1.5. For the double-di�erential ross setions, theeÆienies and purities were typially 20� 50%, with orretion fators between 1 and 2.The ross setions were orreted to the QED Born level by applying an additional or-retion obtained from a speial sample of the Lepto MC with the radiative QED e�etsturned o�. The QED radiative e�ets were typially 2� 4%.7 Systemati unertaintiesA detailed study of the soures ontributing to the systemati unertainties of the measure-ments has been performed. The main soures ontributing to the systemati unertaintiesare listed below: 5



� the data were orreted using Lepto instead of Ariadne;� the jet energies in the data were saled up and down by 3% for jets with transverse en-ergy less than 10 GeV and 1% for jets with transverse energy above 10 GeV, aordingto the estimated jet energy sale unertainty [37℄;� the ut on EjetT;HCM for eah jet was raised and lowered by 1 GeV, orresponding to theET resolution;� the upper and lower uts on �jet1;2(;3)LAB were eah hanged by �0:1, orresponding to the� resolution;� the unertainties due to the seletion uts was estimated by varying the uts withinthe resolution of eah variable.The largest systemati unertainties ame from the unertainty of the jet energy sale,whih produed a systemati unertainty of 5� 10%. For the trijet sample, altering theut on Eet3T;HCM also produed a systemati unertainty of 5� 10%. The other signi�antsystemati unertainty arose from the hoie of Lepto instead of Ariadne for orretingdetetor e�ets. This systemati unertainty was also typially 5 � 10%. The othersystemati unertainties were smaller than or similar to the statistial unertainties.The systemati unertainties not assoiated with the absolute energy sale of the jets wereadded in quadrature to the statistial unertainties and are shown as error bars in the�gures. The unertainty due to the absolute energy sale of the jets is shown separatelyas a shaded band in eah �gure, due to the large bin-to-bin orrelation. In addition, thereis an overall normalisation unertainty of 2.2% from the luminosity determination, whihis not inluded in the �gures.8 Results8.1 Single-di�erential ross setions d�=dQ2, d�=dxBj and trijetto dijet ross setion ratiosThe single-di�erential ross-setions d�=dQ2 and d�=dxBj for dijet and trijet produtionare presented in Figs. 1(a) and (), and Tables 1 { 4. The ratio �trijet=�dijet of the trijetross setion to the dijet ross setion, as a funtion of Q2 and of xBj are presentedin Figs. 1(b) and 1(d), respetively. The ratio �trijet=�dijet is almost Q2 independent,as shown in Fig. 1(b), and falls steeply with inreasing xBj, as shown in Fig. 1(d). Inthe ross-setion ratios, the experimental and theoretial unertainties partially anel,providing a possibility to test the pQCD alulations more preisely than an be done6



with the individual ross setions. Both the ross setions and the ross-setion ratios arewell desribed by the NLOjet alulations.8.2 Transverse energy and pseudorapidity dependenies of rosssetionsThe single-di�erential ross-setions d�=dEjetT;HCM for two (three) jet events are presentedin Fig. 2. The measured ross setions are well desribed by the NLOjet alulationsover the whole range in EjetT;HCM onsidered.The single-di�erential ross setions d�=d�jetLAB for dijet and trijet prodution are presentedin Figs. 3(a) and 3(). For this �gure, the two (three) jets with highest EjetT;HCM wereordered in �jetLAB. Also shown are the measurements of the single-di�erential ross-setionsd�=dj��jet1;2HCMj, where j��jet1;2HCM j is the absolute di�erene in pseudorapidity of the two jetswith highest EjetT;HCM (see Figs. 3(b) and 3(d)). The NLOjet preditions desribe themeasurements well.8.3 Jet transverse energy and momentum orrelationsCorrelations in transverse energy of the jets have been investigated by measuring thedouble-di�erential ross-setions d2�=dxBjd�Ejet1;2T;HCM, where �Ejet1;2T;HCM is the di�erenein transverse energy between the two jets with the highest EjetT;HCM. The measurementwas performed in xBj bins, whih are de�ned in Table 2, for dijet and trijet prodution.Figures 4 and 5 show the ross-setions d2�=dxBjd�Ejet1;2T;HCM for all bins in xBj for the dijetand trijet samples, respetively.The NLOjet alulations at O(�2s) do not desribe the high-�Ejet1;2T;HCM tail of the dijetsample at low xBj, where the alulations fall below the data. Sine these alulations givethe lowest-order non-trivial ontribution to the ross setion in the region �Ejet1;2T;HCM > 0,they are a�eted by large unertainties from the higher-order terms in �s. A higher-orderalulation for the dijet sample is possible with NLOjet if the region �Ejet1;2T;HCM near zerois avoided. NLOjet alulations at O(�3s) for the dijet sample have been obtained forthe region �Ejet1;2T;HCM > 4 GeV and are ompared to the data in Fig. 4. With the inlusionof the next term in the perturbative series in �s, the NLOjet alulations desribe thedata within the theoretial unertainties. The NLOjet alulations at O(�3s) for trijetprodution are onsistent with the measurements.As a re�nement to the studies of the orrelations between the transverse energies of thejets, further orrelations of the jet tranverse momenta have been investigated. The orrela-tions in jet transverse momenta were examined by measuring two sets of double-di�erential7



ross setions: d2�=dxBjdj�~p jet1;2T;HCMj and d2�=dxBjd(j�~p jet1;2T;HCMj=(2Ejet1T;HCM)). The variablej�~p jet1;2T;HCMj is the transverse omponent of the vetor sum of the jet momenta of the twojets with the highest EjetT;HCM. For events with only two jets j�~p jet1;2T;HCMj = 0, and ad-ditional QCD radiation inreases this value. The variable j�~p jet1;2T;HCMj=(2Ejet1T;HCM) is themagnitude of the vetor di�erene of the transverse momenta of the two jets with thehighest EjetT;HCM saled by twie the transverse energy of the hardest jet. For events withonly two jets j�~p jet1;2T;HCMj=(2Ejet1T;HCM) = 1, and additional QCD radiation dereases thisvalue. Figures 6 { 9 show the ross-setions d2�=dxBjdj�~p jet1;2T;HCMj and the ross-setionsd2�=dxBjdj�~p jet1;2T;HCMj=(2Ejet1T;HCM) in bins of xBj for the dijet and trijet samples.At low xBj, the NLOjet alulations at O(�2s) underestimate the dijet ross setions athigh values of j�~p jet1;2T;HCMj and low values of j�~p jet1;2T;HCMj=(2Ejet1T;HCM). The desription of thedata by the NLOjet alulations at O(�2s) improves at higher values of xBj. A higher-order alulation with NLOjet at O(�3s) for the dijet sample has been obtained for theregion j�~p jet1;2T;HCMj > 4 GeV, whih is ompared to the data in Fig. 6; and for the regionj�~p jet1;2T;HCMj=(2Ejet1T;HCM) < 0:85, whih is ompared to the data in Fig. 8. With the inlusionof the next term in the perturbative series in �s, the NLOjet alulations desribe thedata well. The NLOjet alulations at O(�3s) for trijet prodution are onsistent withthe measurements.8.4 Azimuthal distributions of the jetsMeasurements of the double-di�erential ross-setion d2�=dxBjdj��jet1;2HCMj, where j��jet1;2HCMjis the azimuthal separation of the two jets with the largest EjetT;HCM, for dijet and trijetprodution are shown in Figs. 10 and 11 for all bins in xBj. For both dijet and trijetprodution the ross setion falls with j��jet1;2HCMj. The NLOjet alulations at O(�2S) fordijet prodution derease more rapidly with j��jet1;2HCMj than the data and the alulationsdisagree with the data at low j��jet1;2HCMj. A higher-order NLOjet alulation at O(�3S)for the dijet sample has been obtained for the region j��jet1;2HCMj < 3�=4 and desribes thedata well. The measurements for trijet prodution are reasonably well desribed by theNLOjet alulations at O(�3S).A further investigation has been performed by measuring the ross-setion d2�=dQ2dxBjfor dijet (trijet) events with j��jet1;2HCMj < 2�=3 as a funtion of xBj. For the two-jet �nalstates, the presene of two leading jets with j��jet1;2HCMj < 2�=3 an indiate another high-ETjet or set of high-ET jets outside the measured � range. These ross setions are presentedin Fig. 12. The NLOjet alulations at O(�2S) for dijet prodution underestimate thedata, the di�erene inreasing towards low xBj. The NLOjet alulations at O(�3S) areup to about one order of magnitude larger than the O(�2S) alulations and are onsistentwith the data, demonstrating the importane of the higher-order terms in the desription8



of the data espeially at low xBj. The NLOjet alulations at O(�3S) desribe the trijetdata within the renormalisation-sale unertainties.9 SummaryDijet and trijet prodution in deep inelasti ep sattering has been measured in the phasespae region 10 < Q2 < 100 GeV2 and 10�4 < xBj < 10�2 using an integrated luminosityof 82 pb�1 olleted by the ZEUS experiment. The high statistis have made possibledetailed studies of multijet prodution at low xBj. The dependene of dijet and trijet pro-dution on the kinemati variables Q2 and xBj and on the jet variables EjetT;HCM and �jetLABis well desribed by perturbative QCD alulations whih inlude NLO orretions. Toinvestigate possible deviations with respet to the ollinear fatorisation approximationused in the standard pQCD approah, measurements of the orrelations between the twojets with highest EjetT;HCM have been made. At low xBj, measurements of dijet produ-tion with low azimuthal separation are reprodued by the perturbative QCD alulationsprovided that higher-order terms (O(�3s)) are aounted for. Suh terms inrease thepreditions of pQCD alulations by up to one order of magnitude when the two jets withthe highest Ejet1;2T;HCM are not balaned in transverse momentum. This demonstrates theimportane of higher-order orretions in the low-xBj region.AknowledgementsIt is a pleasure to thank the DESY Diretorate for their strong support and enourage-ment. The remarkable ahievements of the HERA mahine group were essential for thesuessful ompletion of this work and are greatly appreiated. The design, onstrutionand installation of the ZEUS detetor has been made possible by the e�orts of manypeople who are not listed as authors. It is also a pleasure to thank Zoltan Nagy for usefuldisussions about NLOjet.
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Q2 d�dQ2 Æstat Æsyst ÆES CQED Chad( GeV2) (pb=GeV2) (pb=GeV2) (pb=GeV2) (pb=GeV2)10 - 15 66:0 0:8 +3:7�4:4 +5:7�5:9 0:984 0:86615 - 20 41:4 0:6 +2:0�2:4 +3:5�3:6 0:968 0:87020 - 30 26:2 0:3 +1:0�0:8 +2:2�2:0 0:965 0:87630 - 50 14:0 0:1 +0:4�0:3 +1:0�1:1 0:955 0:88450 - 100 5:82 0:06 +0:17�0:16 +0:38�0:38 0:952 0:887Table 1: The inlusive dijet ross setions as funtions of Q2. Inluded are thestatistial, systemati, and jet energy sale unertainties in olumns 3, 4, and 5, re-spetively. Column 6 shows the orretion fator from QED radiative e�ets appliedto the measured ross setions, and olumn 7 shows the hadronization orretionapplied to the NLOjet alulations shown in the �gures.xBj � 10�4 d�dxBj Æstat Æsyst ÆES CQED Chad(pb;�10�4) (pb;�10�4) (pb;�10�4) (pb;�10�4)1.7 - 3.0 85:3 1:7 +5:6�6:8 +7:0�6:3 0:987 0:9103.0 - 5.0 113:8 1:5 +5:9�6:2 +8:8�8:9 0:975 0:8875.0 - 10.0 83:1 0:8 +3:3�3:7 +6:9�7:1 0:969 0:87610.0 - 25.0 29:5 0:3 +0:8�0:8 +2:2�2:2 0:958 0:87625.0 - 100.0 2:31 0:03 +0:08�0:07 +0:17�0:17 0:948 0:862Table 2: The inlusive dijet ross setions as funtions of xBj. Other details asin the aption to Table 1.
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Q2 d�dQ2 Æstat Æsyst ÆES CQED Chad( GeV2) (pb=GeV2) (pb=GeV2) (pb=GeV2) (pb=GeV2)10 - 15 7:9 0:2 +1:1�1:3 +1:0�1:0 0:991 0:75915 - 20 4:40 0:17 +0:46�0:66 +0:45�0:52 0:946 0:77620 - 30 3:19 0:11 +0:27�0:37 +0:38�0:38 0:969 0:78630 - 50 1:68 0:06 +0:13�0:11 +0:20�0:19 0:949 0:79450 - 100 0:719 0:024 +0:044�0:027 +0:077�0:070 0:956 0:795Table 3: The inlusive trijet ross setions as funtions of Q2. Other details asin the aption to Table 1.xBj � 10�4 d�dxBj Æstat Æsyst ÆES CQED Chad(pb;�10�4) (pb;�10�4) (pb;�10�4) (pb;�10�4)1.7 - 3.0 14:7 0:7 +1:5�3:3 +1:5�1:9 1:00 0:8113.0 - 5.0 15:9 0:5 +2:0�2:3 +1:9�1:8 0:968 0:7965.0 - 10.0 9:6 0:3 +0:9�0:9 +1:1�1:1 0:961 0:78010.0 - 25.0 3:35 0:10 +0:21�0:19 +0:40�0:37 0:954 0:78525.0 - 100.0 0:192 0:013 +0:032�0:020 +0:023�0:022 0:95 0:739Table 4: The inlusive trijet ross setions as funtions of xBj. Other details asin the aption to Table 1.
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Variable Bin Boundaries�Ejet1;2T;HCM 1 0� 4 GeV2 4� 10 GeV3 10� 18 GeV4 18� 100 GeVj�~p jet1;2T;HCMj 1 0� 4 GeV2 4� 10 GeV3 10� 16 GeV4 16� 100 GeVj�~p jet1;2T;HCMj=2Ejet1T;HCM 1 0� 0:52 0:5� 0:73 0:7� 0:854 0:85� 1j��jet1;2HCMj 1 0� �=42 �=4� �=23 �=2� 3�=44 3�=4� �Table 5: The bin edges used for the measurements of the jet orrelations presented.For the trijet sample, the �rst two bins in j��jet1;2HCMj are ombined.
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Figure 2: Inlusive dijet (a) and trijet (b) ross setions as funtions of EjetT;HCMwith the jets ordered in EjetT;HCM. The ross setions of the seond and third jet weresaled for readability. Other details as in the aption to Fig. 1.
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Figure 12: The dijet and trijet ross setions for events with j��jet1;2HCMj < 2�=3as funtions of xBj in two di�erent Q2-bins. The NLOjet alulations at O(�2s)(O(�3s)) are shown as dashed (solid) lines. The trijet measurements are omparedto NLOjet alulations at O(�3s). The lower parts of the plots in (a) and (b) showthe relative di�erene between the data and the O(�3s) preditions. Other details asin the aption to Fig. 1. 27
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