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ELECTROPRODUCTION OF DIJETSAT SMALL JET SEPARATION�Günter GrindhammerOn behalf of the H1 CollaborationMax-Plank-Institut für Physik, Werner-Heisenberg-InstitutFöhringer Ring 6, 80805 Münhen, Germany(Reeived August 19, 2002)Dijet prodution in deep-inelasti sattering (DIS) in the range 150 <Q2 < 35000 GeV2 has been measured by the H1 ollaboration using theDurham jet algorithm in the laboratory frame. QCD alulations in next-to-leading order (NLO) are found to give a good desription of the datawhen requiring a small minimum jet separation, whih selets a dijet sampleontaining 1/3 of DIS events in ontrast to approximately 1/10 with moretypial jet analyses.PACS numbers: 12.38.Qk, 13.87.Ce1. IntrodutionOne of the remarkable results of the measurements of inlusive rosssetions in DIS at HERA is that the data an be suessfully desribed byperturbative QCD alulations down to quite small momentum transferssquared Q2. Investigations of the hadroni �nal state have shown that QCDis also able to desribe events ontaining two energeti jets. Suh investiga-tions tended to require large jet separation, i.e. large relative jet transversemomentum or large transverse jet energy in the Breit frame. These require-ments typially result in a sample onsisting of 1/10 of DIS events. HereI present the results [1℄ of an investigation on the minimum jet separationneeded in order to still suessfully desribe the data by perturbative QCD.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3147)



3148 G. Grindhammer2. Modi�ed Durham jet algorithmThe de�nition of minimum jet separation used derives from the riterionused by the Durham k? jet algorithm [2℄. This algorithm was invented toimprove the JADE jet algorithm, widely and suessfully used in the studyof e+e� annihilation. The JADE algorithm uses the invariant mass betweenpartons or partiles as a measure of jet separation. It was notied thatfor ertain on�gurations 2 soft gluons are ombined into a jet instead ofassoiating eah of the gluons to the two energeti partons in the event.This was remedied by the Durham k? algorithm. For DIS the algorithmwas further modi�ed by adding a proton remnant pseudo partile (missingmomentum in the proton diretion) in order to better deal with initial stateradiation by the olliding proton.The algorithm runs through the following steps: (a) ompute all om-binations k2?ij = 2min[E2i ; E2j ℄(1 � os �ij), (b) ombine the pair with theminimum k2?ijby adding the four-momenta, () iterate this proedure untile.g. exatly (2 + 1) jets, i.e. 2 �nal state jets and the proton remnant jetremain, then (d) de�ne signi�ant dijets by imposing a lower limit yut ony2 = k2?ij=sale2 with the total hadroni energy W or Q typially hosenas sale. In the analysis presented here W is hosen for the sale, whihhas the advantage that the unertainty of the hadroni energy sale of thealorimetri energy measurement partially anels in y2. The algorithm isapplied in the laboratory frame with the further advantage of not having anadditional boost error. 3. Previous resultsThree di�erent previous examples of measurements and appliations ofjet observables as a funtion of yutare brie�y disussed.The jet rates R1+1, R2+1, and R3+1 have been presented in Ref. [3℄.The data are well desribed by NLO QCD in the measured range 0:01 �yut � 0:06 and allowed a determination of the strong oupling using R2+1for yut = 0:02.The 2nd example hosen is a measurement of subjet multipliities in therange 0:001 � yut � 0:1 presented in Ref. [4℄ for jets found in the Breitframe using the inlusive k? jet algorithm and demanding ET;jet > 8 GeV.These data are well desribed by Monte Carlo (MC) models inorporatingleading order (LO) matrix elements, parton showers, and hadronization.Finally, in a paper on event shapes [5℄ normalized dijet ross setionshave been shown as a funtion of y-values for whih the transition from(2 + 1) to (1 + 1) jets ours. These data are of interest in measuring powerorretions and the strong oupling. In most of the range 0:05 < y2 < 1 andfor not too small Q2, the data are well desribed by NLO QCD.



Eletroprodution of Dijets at Small Jet Separation 3149These examples show that perturbative QCD is able to desribe y2 dis-tributions down to small values orresponding to k?of a few GeV and thatMC models an even desribe subjet multipliities down to k? � 0:3 GeV.This motivates the investigation presented here: what is the minimum y2 forwhih NLO QCD gives a good desription of the harateristi observables ofdijets? In addition one may ask how well are they desribed by MC models.4. Data and dijet seletionAbout 6�104 DIS events are seleted in the range 150 < Q2 < 35000 GeV2and 0:1 < y < 0:7 for an integrated luminosity of 35 pb�1. Dijet events arefound in the laboratory frame as a funtion of y2 = mink2?ij=W 2 by ap-plying the modi�ed Durham jet algorithm. In addition the jets have to liewithin 10Æ < �jet < 140Æ to be well measured.The dominant systemati errors of � 5%, 4%, and < 1% are due to themodel dependene of the orretions and the unertainty of the hadroniand eletromagneti energy sales of the alorimeters.5. ResultsThe normalized dijet ross setion as a funtion of y2 is ompared in Fig. 1with an NLO QCD predition [6℄. The alulation uses the CTEQ5M parton
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H1Fig. 1. (a) The normalized dijet ross setion. Here and in the following �gure thestatistial errors are given by the inner error bars and the outer error bars orre-spond to the quadrati sum of the statistial and systemati errors. Also shownare perturbative QCD preditions in LO, in NLO with and without hadronizationorretions, and the preditions of the QCD model RAPGAP. The shaded bandshows the renormalization sale unertainty of the NLO alulation. (b) The ratiosof the data and various preditions. The vertial error bars orrespond to the errorsof the data only.



3150 G. Grindhammerdensity funtions (pdf) and Q as the renormalization and fatorization sale.The value of �s(MZ) is set to 0.1183. In addition the LO predition, theNLO predition orreted for hadronization e�ets, and the dependene onthe renormaliz ation sale (Q=2 � �R � 2Q) are shown.We observe that for y2 � 0:001 the data are well desribed by QCD, whilefor dereasing y2 QCD inreasingly overestimates the data. In the region ofvery small jet separation the di�erene between the LO and NLO predi-tion as well as the renormalization sale dependene and the hadronizationorretion are all large. This suggests that �xed order perturbative QCD
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Fig. 2. The normalized dijet ross setions. The preditions of NLO QCD andRAPGAP are shown. The shaded band orresponds to the quadrati sum of thehadronization and renormalization sale unertainties. (a) Besides the NLO QCDpreditions with the sale �R = Q, alulations with �R = ET;Breit are also shown.(b) The ratios of the data and various preditions.



Eletroprodution of Dijets at Small Jet Separation 3151preditions are not reliable in the region y2 < 0:001. The deviation of NLOQCD in the highest y2 bin is due to large sensitivity to the pdf in this regionof dijet phase spae and suggests that they need improvement there.The data are also ompared to RAPGAP [7℄ whih models QCD usingLO matrix elements mathed to parton showers and whih uses the Lundstring model for hadronization. It provides an exellent desription of thedata over the full y2 range, in partiular desribing well the low y2 region ofmultiple parton emissions.Motivated by the agreement of NLO QCD with data for y2 � 0:001, weinvestigate this sample of dijets, ontaining about 1/3 of the seleted DISevents, in more detail. The following observables have been investigated [1℄:the mean transverse energy of the dijets in the Breit frame, the polar angle ofthe forward and bakward jet in the laboratory frame, and xp and zp, whihare frequently used to express LO matrix elements. They are alulatedaording to xp = Q2Q2+m21;2 and zp = mini=1;2 Ei(1�os �i)Pi=1;2 Ei(1�os �i) . In Fig. 2 thedistributions in ET;Breit, xp, and zp are shown. The NLO QCD alulationsdesribe these distributions well. For ET;Breitit is shown that the di�erenesbetween the two hoies of renormalization sale, Q and ET;Breit are small.There is a sizable fration of events with ET;Breit < 5 GeV, whih is howeverwell desibed by the preditions. Also RAPGAP agrees well with the data.The quark-indued ontribution of the NLO alulation is shown in Fig. 2as a funtion of xp. It varies from 30% at the lowest Q2 to almost 100% inthe highest Q2 bins. This illustrates that these measurements are sensitiveto both the quark and the gluon-initiated ontributions to the ross setion.6. SummaryThe minimum jet separation has been investigated for whih NLO QCDan give a good desription of dijet prodution in DIS in the range 150 <Q2 < 35000 GeV2 and 0:1 < y < 0:7. The required jet separation is found tobe small, i.e. y2 = 0:001, seleting a dijet sample ontaining 1/3 of the DISevents, signi�antly larger than the approximately 1/10 obtained with moretypial seletion riteria. The good desription obtained holds for eitherhoie of renormalization sale Q or ET;Breit and overs regions in whihboth gluon and quark indued proesses dominate.These measurements are also a signi�ant hallenge to QCD Monte Carlomodels, whih besides LO martix elements and parton showers also inludehadronization and partile deays. RAPGAP is found to give a good de-sription of all data.
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