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Photoprodution of events with rapiditygaps between jets at HERA

ZEUS Collaboration
AbstratThe photoprodution of dijet events, where the two jets with the highest trans-verse energy are separated by a large gap in pseudorapidity, have been studiedwith the ZEUS detetor using an integrated luminosity of 39 pb�1. Rapidity-gap events are de�ned in terms of the energy ow between the jets, suh thatthe total summed transverse energy in this region is less than some value ECUTT .The data show a lear exess over the preditions of standard photoprodutionmodels. This is interpreted as evidene for a strongly interating exhange ofa olor-singlet objet. Monte Carlo models whih inlude suh a olor-singletexhange are able to desribe the data.
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1 IntrodutionThe prodution of events in hadroni ollisions with two high transverse energy jets in the�nal state separated by a large rapidity interval provides an ideal environment to studythe interplay between soft (non-perturbative) and hard (perturbative) QCD.The dominant mehanism for the prodution of jets with high transverse energy inhadroni ollisions is a hard interation between partons in the inoming hadrons viaa quark or gluon propagator. The exhange of olor quantum numbers generally givesrise to jets in the �nal state that are olor onneted to eah other and to the remnantsof the inoming hadrons. This leads to energy ow populating the pseudorapidity1 re-gion both between the jets and the hadroni remnants, and between the jets themselves.The fration of events with little or no hadroni ativity between the jets is expeted tobe exponentially suppressed as the rapidity interval between the jets inreases. A non-exponentially suppressed fration of suh events would therefore be a signature of theexhange of a olor-singlet (CS) objet.The high transverse energy of the jets provides a perturbative hard sale at eah end ofthe CS exhange, so that the ross setion should be alulable in perturbative QCD [1℄.Previous studies of jets with rapidity gaps have been made in p�p ollisions at the Tevatron[2,3℄ and in photoprodution at HERA [4,5℄, where a quasi-real photon from the inomingpositron interats with the proton. Comparison with di�erent Monte Carlo (MC) modelssuggested that some ontribution of a strong CS exhange is required to desribe the data,although the unertainty on the ontribution from standard QCD proesses was large.In the analysis presented in this paper, photoprodution of dijet events with a largerapidity gap between jets is used to investigate the dynamis of olor singlet exhange.The results are based on a larger data sample, than in the previous publiations [4, 5℄.The MC models were tuned to better desribe the data sample at the detetor level. TheCS ontribution is studied and ompared to MC models as a funtion of several kinemativariables and to a reent QCD-resummed alulation [6{8℄.2 Experimental set-upThe results presented in this paper orrespond to 38.6 � 1.6 pb�1 of data taken withthe ZEUS detetor during the 1996-1997 HERA running period. Positrons of 27.5 GeVollided with protons of 820 GeV, giving a enter-of-mass energy of ps = 300 GeV.1 The pseudorapidity � = � ln[tan(�=2)℄, where � is a polar angle.1



A detailed desription of the ZEUS detetor an be found elsewhere [9,10℄. 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) [11℄, whih oper-ates in a magneti �eld of 1:43 T provided by a thin super-onduting solenoid. The CTDonsists of 72 ylindrial drift hamber layers, organized in nine super-layers overing thepolar-angle2 region 15Æ < � < 164Æ. The transverse momentum resolution for full-lengthtraks an be parameterized 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) [12℄ 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 [13℄, alead-sintillator alorimeter plaed in the HERA tunnel at Z = �107 m.3 Kinematis and event seletionA three-level trigger system was used to selet events online [10,14℄. In the third-level trig-ger, jets were required to have a transverse energy of EjetT > 4 GeV and a pseudorapidityof �jet < 2:5 in the laboratory frame.The p enter-of-mass energy, W , and the inelastiity, y = W 2=s, were reonstruted usingthe Jaquet-Blondel (JB) [15℄ method. The hadroni system was reonstruted usingEnergy Flow Objets (EFOs), whih were formed by ombining information from energylusters reonstruted in the CAL and harged traks reonstruted in the CTD. Theeletron (e) [16℄ reonstrution method was also used, in order to remove deep inelastisattering (DIS) events.The photoprodution sample was seleted by applying the following o�ine uts: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 enter of HERA. The oordinate origin is at the nominal interation point.2



� the longitudinal position of the reonstruted vertex was required to be in the range�40 m < ZV TX < 40 m;� events with a sattered positron in the CAL having ye < 0:85 and E 0e > 5 GeV,where E 0e is the energy of the sattered positron, were rejeted. This ut reduedontamination from neutral urrent DIS events, sine the eÆieny for the detetionof the sattered positron in this region approahed 100%;� events were required to have 0:2 < yJB < 0:75. The upper ut on yJB further reduedontamination from the neutral urrent DIS events that were not removed by the uton ye and the lower ut removed beam-gas events;� in order to redue ontributions from harged urrent events and osmi-ray showers,events were required to have a relative transverse momentum PmissT =pET < 2:0 GeV1=2,where PmissT and ET are the total event missing momentum and transverse energy,respetively.The uts on ye and yJB redued the ontribution of DIS events to less than 0.5%, on�nedthe phase-spae region of the analysis to 0:2 < y < 0:75 and restrited the photonvirtuality to a range of Q2 < 1 GeV2 with a median value of Q2 � 10�3 GeV2 [17℄.Jets were reonstruted from the EFOs using the kT algorithm [18℄ in the longitudinallyinvariant inlusive mode [19℄, whih implies that any partile is inluded in one of the jets,and ordered in EjetT , suh that jet1 had the highest EjetT . Events in whih jets satis�ed thefollowing riteria were then seleted:� jet transverse energy orresponding to Ejet1T � 6 GeV and Ejet2T � 5 GeV at the hadronlevel, after taking in aount energy loss in inative material and other detetor e�ets;� �2:4 < �jet1;2 < 2:4, where �jet1 and �jet2 are the pseudorapidities of the orrespondingjets, to ensure that the jets were well reonstruted in the detetor;� 2:5 < �� < 4, where �� � j�jet1 � �jet2j is the absolute di�erene in pseudorapiditybetween the jets;� 12 j ��jet1 + �jet2� j < 0:75, where this ondition, together with the previous one, on-strained the jets to lie within the kinemati region where the detetor and eventsimulation are well understood.The transverse energy in the gap, EGAPT , was alulated by summing up the transverseenergy of all jets, without any ut on EjetT , lying in the pseudorapidity region between thetwo highest-EjetT jets satisfying the above requirements [20℄. Gap events were de�ned asthose in whih EGAPT was less than an ECUTT value. The ECUTT values used in this analysiswere ECUTT = 0:5; 1:0; 1:5; and 2:0 GeV. The gap fration, f , was de�ned as the ratio ofthe ross setion for gap events to the ross setion for inlusive events, whih pass all ofthe above uts but have no restrition on the EGAPT value.3



In addition, the fration of the photon momentum partiipating in the hard interationwas alulated as xOBS = (Ejet1T e��jet1 + Ejet2T e��jet2)=2yEe, where Ee is the energy of thepositron beam.4 QCD models and event simulation4.1 Monte Carlo modelsThe Pythia 6.1 [21℄ and Herwig 6.1 [22℄ MC generators were used to orret the datato the hadron level and for model omparisons. Both MCs are based on the leading order(LO) (2 ! 2) matrix elements together with a parton-shower simulation of additionalQCD radiation and hadronisation models. The detetor simulation was performed withthe Geant 3.13 program [23℄.In photoprodution interations at LO, the photon an either partiipate diretly in thehard sub-proess (diret photoprodution) or �rst utuate into a hadroni state whihthen interats via a partoni onstituent arrying some fration, x , of the photon momen-tum (resolved photoprodution). At leading order, therefore, CS exhange between jetsmay take plae only in resolved photoprodution. For this analysis the diret, resolved,and CS exhange MC samples were generated separately.The simulation of multi-parton interations (MPI) was inluded in Pythia using theso-alled \simple mode" [21℄ and in Herwig by interfaing to the Jimmy library [24℄.The minimum transverse momenta, pminT , of the outgoing partons in the hard interationand partons partiipating in MPI are separately adjustable in Pythia, while in Herwigthe same parameter was used to adjust both momenta. The starting parameters forthe tuning were taken from global �ts of JetWeb [25℄. The pminT was tuned [26, 27℄for both MC programs by omparing to the data sample after the kinemati uts wereapplied (see Setion 3). The best �t resulted in pminT values of pmin1T = 1:9 GeV andpmin2T = 1:7 GeV for Pythia and pminT = 2:7 GeV for Herwig. For both MC models theCTEQ5L parametrisation [28℄ for the proton and the SaS-G 2D parametrisation [29℄ forthe photon PDFs were used. Hadronisation in Herwig is simulated using the lustermodel [30℄ while Pythia uses the Lund string model [31℄.The CS exhange is implemented in Herwig using the LLA BFKL model by Mueller andTang [32℄. The hard-Pomeron interept, 1+!0, is related to the strong oupling, �s, usedin the BFKL parton evolution by !0 = �sCA� [4 ln (2)℄. In this analysis, the default valueof !0 = 0:3 was used.Pythia does not ontain a simulation of strongly interating CS exhange in hard in-terations. However, a similar topology an be simulated by high-t photon exhange for4



quark-quark sattering in LO resolved proesses. Suh an exhange is not expeted torepresent the mehanism of strongly-interating CS exhange and is only used to omparethe data to an alternative CS model.4.2 Resummed alulationThe gap de�nition in terms of the energy ow between jets, being infrared safe, allowspQCD alulations to be applied. These alulations involve the resummation of largelogarithms of EGAPT =EjetT . There are several soures of these large logarithms. The primaryleading logarithms arise from soft gluon emission diretly into the gap, whereas seondary(non-global) leading logarithms are due to emission into the gap from a oherent ensembleof gluons outside the gap region [7, 8, 33{35℄.The alulation [6℄ used in this paper provides a predition of the gap fration withprimary emission resummed to all orders and a orretion applied for the e�et of thelustering algorithm, and the non-global logarithms orret in the limit of large numberof olors. The theoretial unertainty in this alulation is estimated from varying therenormalisation sale between ET=2 and 2ET, where ET is the transverse energy of thehardest jet.5 Data orretion and systemati unertaintiesThe data were orreted to the hadron level, bin-by-bin, using orretion fators obtainedfrom a ombination of diret, resolved, and CS MC samples as desribed in detail elsewhere[26, 27℄.The admixture of diret and resolved MC used in the unfolding was determined by thebest �t to the xOBS data distribution. The ombination of diret and resolved MC formedthe non-olor-singlet (NCS) sample.The relative amounts of NCS and CS MC used in the unfolding were determined by thebest �t to the total energy in the gap for events in whih EGAPT < 1:5 GeV, after thenormalisation of the NCS sample was �xed using data at EGAPT > 1:5 GeV. Fitting to thetotal number of jets in the gap for events in whih EGAPT < 1:5 GeV and to d�=dEGAPTgave similar results.To orret the data the average orretion fator of Pythia and Herwig was used. Onehalf of the di�erene between those two models preditions, about 5%, was assigned tothe systemati unertainties. 5



A detailed study of the soures ontributing to the systemati unertainties of the mea-surements was performed usingHerwig. The analysis uts were varied by their respetiveresolutions estimated using Monte Carlo.The variation of the uts on EGAPT and ET aused the largest ontributions to the system-ati unertainty. Depending upon the variable measured, their ontribution ranged froma few to approximately 30% in regions where the statistial signi�ane was low.The amount of CS exhange MC used in the unfolding was varied by �25%, resulting ina variation in the ross setion at the one perent level. All the above systematis wereadded in quadrature in order to alulate the total systemati unertainty.The alorimeter energy sale was varied by �3%. This unertainty was not ombinedwith the other systematis, but instead shown separately as a shaded band in the �gures.6 ResultsThe inlusive dijet ross setion as a funtion of EGAPT is presented in Fig. 1 and Table 1.At low EGAPT values, where the CS ontribution should be most pronouned, the datademonstrate a lear exess over the NCS MC preditions. In order to estimate the amountof CS ontribution, the diret and resolved omponents of eah MC were mixed aordingto their predited MC ross setions to give the NCS MC sample. The NCS and CS MCsamples were then �tted to the data aording tod�dEGAPT = P1 d�NCSdEGAPT + P2 d�CSdEGAPT ;where P1 and P2 were the free parameters of the �t. The best �t to the data resulted inP1 = 1:31�0:01 and P2 = 327�20 for Pythia and P1 = 1:93�0:01 and P2 = 1:02�0:13for Herwig. These saling parameters were used in this analysis when omparing thedata to the MC preditions. The large value of P2 for Pythia reets the very low rosssetion of the high-t photon exhange, whih is not expeted to represent the mehanismof strongly-interating CS exhange. The olor singlet ontribution to the total rosssetion, estimated by integrating the MC preditions over the entire EGAPT range, was(2:75 � 0:10)% for Pythia and (2:04 � 0:25)% for Herwig, where the errors representonly the statistial unertainties of the �t.The inlusive dijet ross setion, the gap ross setion, and the gap fration as a funtionof the separation of the two leading jets, ��, are presented in Fig. 2 for ECUTT = 1 GeV.Both ross setions and gap frations derease as a funtion of ��. In the inlusive rosssetion, both MC models with and without CS exhange desribe the data equally well.6



For the gap ross setion the MC models without CS exhange fall below the data, whilethe MC models with CS exhange agree with the data. The ontribution of CS exhangeto the total gap fration inreases as the dijet separation inreases from 2.5 to 4 units inpseudorapidity.Figure 3 shows the gap fration as a funtion of �� for the four values of ECUTT =0:5; 1:0; 1:5 and 2 GeV. The orresponding values are listed in Table 2. The data �rstfall and then level out as �� inreases for all values of ECUTT , although for ECUTT = 0:5the data are onsistent with a at distribution in ��. The preditions of Pythia andHerwig without CS exhange lie below the data over the entire �� range. With theaddition of the CS ontribution, both MC models desribe the data well.The previously published ZEUS results [4℄ used a di�erent de�nition of the rapidity gapand so annot be diretly ompared. The present results agree with the previous H1measurement [5℄, where the gap de�nition used the transverse energy in the gap as forthe urrent analysis, but with slightly di�erent kinemati uts. The omparison is shownin Fig. 4, where the H1 data have been saled bin-by-bin with multipliative fatorsestimated using the Herwig MC preditions for the gap frations at the hadron level toaount for the di�erene in the phase spae between the ZEUS and H1 analyses.Figure 5 shows the gap fration for four di�erent values of ECUTT ompared to the re-summed alulation [6℄. The shape of the data as a funtion of �� is reasonably welldesribed for all values of ECUTT but the preditions lie above the data, almost everywhereoutside of the range de�ned by the theoretial unertainties.For omparison with other experiments and p�p measurements, whih are expeted tobe similar to the resolved-photon proess, the ross setions and gap fration were alsomeasured as funtion of xOBS . These results are presented in Figs. 6, 7 and Table 3 for fourdi�erent values of ECUTT . The gap fration dereases with dereasing xOBS and the dataare reasonably desribed by both MC models only after inluding the CS ontribution,espeially in the resolved photon region, xOBS < 0:75, and at low EGAPT .The W dependene, whih is important for omparison with experiments at di�erentenergies, is presented for the ross setions and gap frations in Figs. 8, 9 and Table 4.The gap fration falls with inreasing W . Both the ross setions and the gap frationsare desribed by the MC with CS inluded.The �� and W dependenies were investigated in the resolved enhaned region. Figure 10shows the ross setions as a funtion of �� in the resolved photon region, xOBS < 0:75,for EGAPT < 1 GeV. The gap fration as a funtion of �� is reasonably well desribedby MC models after inluding the CS ontribution. Figure 11 and Table 5 show thegap frations as a funtion of �� for the resolved enhaned sample for the four ECUTTvalues. For EGAPT < 0:5 GeV and EGAPT < 1:0 GeV, both MC models predit almost no7



ontribution to the gap frations from the NCS omponent at high values of ��. The Wbehavior in the resolved enhaned sample is presented in Figs. 12 and 13 and Table 6.Although the gap fration was measured with small errors, the di�erene in the modelpreditions preludes a model-independent determination of the CS ontribution.7 SummaryDijet photoprodution has been measured for on�gurations in whih the two jets withhighest transverse energy are separated by a large rapidity gap. The fration of eventswith very little transverse energy between the jets is inonsistent with the preditions ofstandard photoprodution MC models. The same models with the inlusion of a olor-singlet exhange sample at the level of 2� 3% are able to desribe the data, inluding thegap-fration dependeny on EGAPT , W , xOBS and ��.The di�erene in the model preditions preludes an aurate determination of the olor-singlet ontribution and its behavior as a funtion of di�erent kinemati variables suh asxOBS or W .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. We are indebted to R. Appleby and M. Dasguptafor invaluable disussions and for providing the resummed alulation.
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EGAPT bin ( GeV) �( nb=GeV) � stat � sys � al0:0� 0:5 0.167 � 0.004 +0:014�0:014 +0:002�0:0060:5� 1:5 0.153 � 0.002 +0:006�0:006 +0:000�0:0011:5� 3:5 0.210 � 0.002 +0:009�0:008 +0:001�0:0023:5� 7:0 0.177 � 0.001 +0:006�0:005 +0:006�0:0087:0� 12:0 0.080 � 0.001 +0:002�0:002 +0:007�0:008Table 1: The measured di�erential ross setion d�=dEGAPT unfolded with the aver-age orretion fators of Pythia and Herwig for the inlusive sample of events.The statistial error, systemati errors, and alorimeter energy-sale unertaintyon the measurement are also listed.
�� bin ECUTT GeV f � stat � sys � al2:5; 2:8 0.5 0.053 � 0.002 +0:007�0:004 +0:003�0:0032:8; 3:1 0.047 � 0.002 +0:006�0:007 +0:004�0:0033:1; 3:5 0.040 � 0.003 +0:008�0:009 +0:002�0:0053:5; 4:0 0.038 � 0.005 +0:012�0:012 +0:001�0:0002:5; 2:8 1.0 0.101 � 0.002 +0:006�0:005 +0:004�0:0052:8; 3:1 0.080 � 0.003 +0:007�0:005 +0:005�0:0043:1; 3:5 0.061 � 0.003 +0:006�0:006 +0:001�0:0043:5; 4:0 0.055 � 0.005 +0:014�0:016 +0:003�0:0022:5; 2:8 1.5 0.163 � 0.003 +0:007�0:009 +0:008�0:0072:8; 3:1 0.127 � 0.003 +0:005�0:005 +0:007�0:0073:1; 3:5 0.094 � 0.003 +0:007�0:005 +0:003�0:0053:5; 4:0 0.092 � 0.007 +0:019�0:030 +0:003�0:0042:5; 2:8 2.0 0.228 � 0.003 +0:011�0:010 +0:012�0:0112:8; 3:1 0.178 � 0.004 +0:012�0:006 +0:010�0:0083:1; 3:5 0.135 � 0.004 +0:014�0:010 +0:006�0:0063:5; 4:0 0.138 � 0.008 +0:019�0:035 +0:001�0:009Table 2: The measured gap fration f (��) unfolded with the average orre-tion fators of Pythia and Herwig. The statistial error, systemati errors, andalorimeter energy-sale unertainty on the measurement are also listed.
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xOBS bin ECUTT GeV f � stat � sys � al0:00; 0:50 0.5 0.017 � 0.002 +0:004�0:002 +0:000�0:0010:50; 0:75 0.018 � 0.001 +0:004�0:003 +0:001�0:0010:75; 0:90 0.039 � 0.002 +0:006�0:005 +0:002�0:0030:90; 1:00 0.272 � 0.010 +0:033�0:028 +0:011�0:0120:00; 0:50 1.0 0.028 � 0.003 +0:004�0:003 +0:000�0:0010:50; 0:75 0.029 � 0.001 +0:004�0:003 +0:001�0:0020:75; 0:90 0.079 � 0.002 +0:005�0:005 +0:003�0:0050:90; 1:00 0.454 � 0.012 +0:024�0:026 +0:008�0:0080:00; 0:50 1.5 0.047 � 0.003 +0:005�0:007 +0:001�0:0020:50; 0:75 0.046 � 0.001 +0:006�0:005 +0:003�0:0030:75; 0:90 0.145 � 0.003 +0:007�0:010 +0:006�0:0080:90; 1:00 0.630 � 0.015 +0:028�0:022 +0:010�0:0070:00; 0:50 2.0 0.069 � 0.004 +0:007�0:010 +0:001�0:0050:50; 0:75 0.070 � 0.002 +0:008�0:005 +0:004�0:0050:75; 0:90 0.227 � 0.004 +0:016�0:013 +0:010�0:0090:90; 1:00 0.763 � 0.018 +0:023�0:021 +0:009�0:003Table 3: The measured gap fration f�xOBS � unfolded with the average orre-tion fators of Pythia and Herwig. The statistial error, systemati errors, andalorimeter energy-sale unertainty on the measurement are also listed.
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W bin ( GeV) ECUTT GeV f � stat � sys � al150:0; 180:0 0.5 0.077 � 0.007 +0:017�0:017 +0:001�0:010180:0; 210:0 0.049 � 0.003 +0:008�0:005 +0:002�0:001210:0; 240:0 0.039 � 0.002 +0:006�0:005 +0:002�0:002240:0; 260:0 0.038 � 0.002 +0:005�0:004 +0:003�0:002150:0; 180:0 1.0 0.145 � 0.008 +0:016�0:019 +0:003�0:014180:0; 210:0 0.096 � 0.004 +0:005�0:007 +0:004�0:001210:0; 240:0 0.069 � 0.002 +0:007�0:004 +0:001�0:002240:0; 260:0 0.062 � 0.002 +0:006�0:004 +0:005�0:003150:0; 180:0 1.5 0.241 � 0.010 +0:025�0:019 +0:003�0:015180:0; 210:0 0.153 � 0.004 +0:010�0:010 +0:008�0:004210:0; 240:0 0.113 � 0.003 +0:008�0:008 +0:006�0:006240:0; 260:0 0.097 � 0.003 +0:006�0:006 +0:003�0:005150:0; 180:0 2.0 0.338 � 0.012 +0:029�0:037 +0:010�0:015180:0; 210:0 0.218 � 0.005 +0:016�0:019 +0:010�0:004210:0; 240:0 0.163 � 0.003 +0:012�0:011 +0:007�0:007240:0; 260:0 0.139 � 0.003 +0:011�0:004 +0:006�0:008Table 4: The measured gap fration f (W ) unfolded with the average orre-tion fators of Pythia and Herwig. The statistial error, systemati errors, andalorimeter energy-sale unertainty on the measurement are also listed.
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�� bin ECUTT GeV f � stat � sys � al2:5; 2:8 0.5 0.021 � 0.002 +0:003�0:003 +0:001�0:0012:8; 3:1 0.014 � 0.002 +0:005�0:004 +0:001�0:0013:1; 3:5 0.015 � 0.002 +0:004�0:005 +0:000�0:0033:5; 4:0 0.009 � 0.003 +0:011�0:007 +0:002�0:0002:5; 2:8 1.0 0.038 � 0.002 +0:004�0:004 +0:001�0:0012:8; 3:1 0.024 � 0.002 +0:005�0:003 +0:002�0:0013:1; 3:5 0.019 � 0.002 +0:005�0:003 +0:000�0:0033:5; 4:0 0.016 � 0.004 +0:005�0:008 +0:000�0:0022:5; 2:8 1.5 0.060 � 0.002 +0:006�0:006 +0:003�0:0022:8; 3:1 0.040 � 0.002 +0:005�0:005 +0:003�0:0033:1; 3:5 0.027 � 0.002 +0:006�0:003 +0:001�0:0033:5; 4:0 0.026 � 0.006 +0:009�0:015 +0:001�0:0012:5; 2:8 2.0 0.090 � 0.003 +0:009�0:006 +0:005�0:0072:8; 3:1 0.063 � 0.003 +0:008�0:007 +0:003�0:0043:1; 3:5 0.044 � 0.003 +0:006�0:005 +0:001�0:0053:5; 4:0 0.036 � 0.006 +0:010�0:011 +0:002�0:000Table 5: The measured gap fration f (��) for the region xOBS < 0:75 unfoldedwith the average orretion fators of Pythia and Herwig. The statistial error,systemati errors, and alorimeter energy-sale unertainty on the measurementare also listed.
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W bin ( GeV) ECUTT GeV f � stat � sys � al150:0; 180:0 0.5 0.019 � 0.008 +0:015�0:018 +0:003�0:003180:0; 210:0 0.013 � 0.002 +0:004�0:005 +0:003�0:001210:0; 240:0 0.016 � 0.002 +0:006�0:004 +0:000�0:002240:0; 260:0 0.021 � 0.002 +0:004�0:003 +0:000�0:001150:0; 180:0 1.0 0.032 � 0.009 +0:025�0:023 +0:000�0:008180:0; 210:0 0.027 � 0.003 +0:004�0:005 +0:001�0:002210:0; 240:0 0.027 � 0.002 +0:006�0:004 +0:001�0:002240:0; 260:0 0.028 � 0.002 +0:005�0:003 +0:004�0:001150:0; 180:0 1.5 0.077 � 0.014 +0:068�0:058 +0:000�0:024180:0; 210:0 0.044 � 0.004 +0:005�0:005 +0:004�0:001210:0; 240:0 0.045 � 0.002 +0:006�0:007 +0:003�0:004240:0; 260:0 0.043 � 0.002 +0:005�0:005 +0:002�0:002150:0; 180:0 2.0 0.113 � 0.015 +0:048�0:048 +0:000�0:018180:0; 210:0 0.067 � 0.004 +0:013�0:007 +0:006�0:000210:0; 240:0 0.069 � 0.003 +0:007�0:006 +0:004�0:008240:0; 260:0 0.064 � 0.003 +0:008�0:004 +0:003�0:005Table 6: The measured gap fration f (W ) for the region xOBS < 0:75 unfoldedwith the average orretion fators of Pythia and Herwig. The statistial error,systemati errors, and alorimeter energy-sale unertainty on the measurementare also listed.
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Figure 6: The top plot is the inlusive dijet ross setion di�erential in xOBS ,the middle plot is the gap ross setion di�erential in xOBS requiring that EGAPT <1GeV , and the bottom plot is the gap fration, f , as a funtion of xOBS . Otherdetails as in Fig. 1.
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Figure 7: The gap fration, f , as a funtion of xOBS for di�erent requirementson EGAPT . Other details as in Fig. 1.
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Figure 9: The gap fration, f , as a funtion of W for di�erent requirements onEGAPT . Other details as in Fig. 1.
24



η ∆
2.5 3 3.5 4

 (
n

b
)

η∆
 / 

d
σd 0

1

2

 < 0.75OBS
γx

)
-1

ZEUS (39 pb
HERWIG
HERWIG + BFKL x 1.02
PYTHIA

 x 327 γPYTHIA + high-t 

η ∆
2.5 3 3.5 4

 (
n

b
)

η∆
 / 

d
σd 0

0.05

 < 1.0 GeVGAP
TE

η ∆
2.5 3 3.5 4

)η ∆
f(

0

0.02

0.04

ZEUS
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Figure 13: The gap fration, f , as a funtion of W , for xOBS < 0:75 and di�erentrequirements on EGAPT . Other details as in Fig. 1.
28


	Introduction
	Experimental set-up
	Kinematics and event selection
	QCD models and event simulation
	Monte Carlo models
	Resummed calculation

	Data correction and systematic uncertainties
	Results
	Summary

