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Jet-radius dependene of inlusive-jet rosssetions in deep inelasti sattering atHERA

ZEUS Collaboration
AbstratDi�erential inlusive-jet ross setions have been measured for di�erent jetradii in neutral urrent deep inelasti ep sattering for boson virtualities Q2 >125 GeV2 with the ZEUS detetor at HERA using an integrated luminosity of81:7 pb�1. Jets were identi�ed in the Breit frame using the kT luster algo-rithm in the longitudinally inlusive mode for di�erent values of the jet radiusR. Di�erential ross setions are presented as funtions of Q2 and the jet trans-verse energy, EjetT;B. The dependene on R of the inlusive-jet ross setion hasbeen measured for Q2 > 125 and 500 GeV2 and found to be linear with R inthe range studied. Next-to-leading-order QCD alulations give a good desrip-tion of the measurements for 0:5�R�1. A value of �s(MZ) has been extratedfrom the measurements of the inlusive-jet ross-setion d�=dQ2 with R = 1 forQ2 > 500 GeV2: �s(MZ) = 0:1207 � 0:0014 (stat:) +0:0035�0:0033 (exp:) +0:0022�0:0023 (th:).The variation of �s with EjetT;B is in good agreement with the running of �s aspredited by QCD.
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1 IntrodutionThe study of jet prodution in ep ollisions at HERA has been well established as atesting ground of perturbative QCD (pQCD) providing preise determinations of thestrong oupling onstant, �s, and its sale dependene. The jet observables used totest pQCD inluded dijet [1{4℄, inlusive-jet [2, 4{6℄ and multijet [7, 8℄ ross setions inneutral urrent (NC) deep inelasti ep sattering (DIS), dijet [9{13℄, inlusive-jet [14, 15℄and multijet [16℄ ross setions in photoprodution and the internal struture of jets inNC [17{19℄ and harged urrent [20℄ DIS.These studies demonstrated that the kT luster algorithm [21℄ in the longitudinally in-variant inlusive mode [22℄ is at present the method to reonstrut jets in ep ollisionsfor whih the smallest unertainties are ahieved. Previous analyses were done with jetradius R = 1, where R is the maximum distane in the pseudorapidity (�) - azimuth(�) plane for partile reombination. The study of the predited jet ross setions us-ing di�erent jet radii allows the identi�ation of the values of R for whih the theory ismost reliable. Furthermore, smaller values of the jet radius R are of partiular interestfor the identi�ation of heavy partiles deaying into jets; in these deays, the �nal-statejets may emerge lose in phase spae and need to be identi�ed separately for a faithfulreonstrution of the properties of the parent partile [23℄. Neutral urrent DIS providesa well understood environment in whih to study the dependene of jet prodution onthe jet radius and to onfront the data with preise next-to-leading-order (NLO) QCDalulations in a hadron-indued reation.The hadroni �nal state in NC DIS may onsist of jets of high transverse energy, EjetT ,produed in the hard-sattering proess. In NC DIS, the Breit frame [24℄ is preferred toondut the jet searh, sine jet prodution is diretly sensitive to hard QCD proesses;in the Born proess (eq ! eq), the virtual boson (V �, with V � = ; Z) is absorbed bythe struk quark, whih is bak-sattered with zero transverse momentum with respetto the V � diretion. At leading order (LO) in �s, the boson-gluon-fusion (V �g ! q�q)and QCD-Compton (V �q ! qg) proesses give rise to two hard jets with opposite trans-verse momenta. Inlusive-jet prodution at high EjetT allows more stringent tests of thepQCD alulations than dijet prodution due to the redued theoretial unertainties.Restritions on the topology of dijet events are neessary to avoid infrared-sensitive re-gions where the NLO QCD programs are not reliable, whereas inlusive-jet ross setionsare infrared insensitive. Therefore, suh measurements allow tests of pQCD in the widestphase-spae region for jet prodution. In partiular, previous measurements of inlusive-jet ross setions in NC DIS at high Q2 [5℄, where Q2 is the negative of the square ofthe four-momentum transfer, provided the most preise determination of �s at HERA todate. 1



This letter presents new measurements of di�erential inlusive-jet ross setions as afuntion of the jet transverse energy in the Breit frame, EjetT;B, and Q2 for di�erent valuesof R. For R = 1, this analysis is based on the same inlusive-jet data sample presented in areent publiation [4℄. The results have been ompared with NLO QCD alulations usingreent parameterisations of the parton distribution funtions (PDFs) of the proton [25{27℄.In addition, an updated determination of �s and of its sale dependene has been obtainedusing a data sample whih orresponds to more than a twofold inrease in luminosity withrespet to the previous analysis [5℄.
2 Experimental set-upA detailed desription of the ZEUS detetor an be found elsewhere [28, 29℄. A briefoutline of the omponents that are most relevant for this analysis is given below.Charged partiles are traked in the entral traking detetor (CTD) [30℄, 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-angle1 region 15Æ < � < 164Æ. The transverse-momentum resolution for full-lengthtraks an be parameterised as �(pT )=pT = 0:0058pT � 0:0065 � 0:0014=pT , with pT inGeV. The traking system was used to measure the interation vertex with a typialresolution along (transverse to) the beam diretion of 0:4 (0:1) m and to ross-hek theenergy sale of the alorimeter.The high-resolution uranium{sintillator alorimeter (CAL) [31℄ 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 [32℄, alead-sintillator alorimeter plaed in the HERA tunnel at Z = �107 m.1 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 Data seletion and jet searhThe data were olleted during the running period 1998-2000, when HERA operated withprotons of energy Ep = 920 GeV and eletrons or positrons2 of energy Ee = 27:5 GeV, andorrespond to an integrated luminosity of 81:7� 1:8 pb�1, of whih 16:7 pb�1 (65:0 pb�1)was for e�p (e+p) ollisions.Neutral urrent DIS events were seleted o�ine using the same riteria as reported in areent publiation [4℄. The main steps are briey listed below.The sattered-eletron andidate was identi�ed from the pattern of energy deposits in theCAL [33℄. The energy (E 0e) and polar angle (�e) of the eletron andidate were determinedfrom the CAL measurements. The Q2 variable was reonstruted using the double anglemethod (Q2DA) [34℄. The angle h, whih orresponds to the angle of the sattered quarkin the quark-parton model, was reonstruted using the hadroni �nal state [34℄.The main requirements imposed on the data sample were: an eletron andidate withE 0e > 10 GeV; a vertex position along the beam axis in the range jZj < 34 m; 38 <(E � PZ) < 65 GeV, where E is the total energy as measured by the CAL, E = PiEi,and PZ is the Z-omponent of the vetor P =PiEiri ; in both ases the sum runs overall CAL ells, Ei is the energy of the CAL ell i and ri is a unit vetor along the linejoining the reonstruted vertex and the geometri entre of the ell i; Q2 > 125 GeV2;and j os hj < 0:65. After all these requirements, ontamination from non-ep interationsand other physis proesses was negligible.The kT luster algorithm was used in the longitudinally invariant inlusive mode to reon-strut jets in the hadroni �nal state both in data and in Monte Carlo (MC) simulatedevents (see Setion 4). In the data, the algorithm was applied to the energy depositsmeasured in the CAL ells after exluding those assoiated with the sattered-eletronandidate. In the following disussion, EiT;B denotes the transverse energy, �iB the pseu-dorapidity and �iB the azimuthal angle of objet i in the Breit frame. For eah pair ofobjets, where the initial objets are the energy deposits in the CAL ells, the quantitydij = min(EiT;B; EjT;B)2 � [(�iB � �jB)2 + (�iB � �jB)2℄=R2was alulated. For eah individual objet, the quantity di = (EiT;B)2 was also alulated.If, of all the values fdij; dig, dkl was the smallest, then objets k and l were ombinedinto a single new objet. If, however, dk was the smallest, then objet k was onsidered ajet and was removed from the sample. The proedure was repeated until all objets were2 Here and in the following, the term \eletron" denotes generially both the eletron (e�) and thepositron (e+). 3



assigned to jets. The jet searh was performed with di�erent jet radii (R = 0:5, 0:7 and1) and the jet variables were de�ned aording to the Snowmass onvention [35℄.After reonstruting the jet variables in the Breit frame, the massless four-momenta wereboosted into the laboratory frame, where the transverse energy (EjetT;LAB) and the pseudo-rapidity (�jetLAB) of eah jet were alulated. Energy orretions [5,11,18℄ were then appliedto the jets in the laboratory frame and propagated bak into EjetT;B. The jet variables inthe laboratory frame were also used to apply additional uts on the seleted sample, asexplained in a reent publiation [4℄: events were removed from the sample if any of thejets was in the bakward region of the detetor (�jetLAB < �2) and jets were not inludedin the �nal sample if EjetT;LAB < 2:5 GeV.Only events with at least one jet in the pseudorapidity range �2 < �jetB < 1:5 were keptfor further analysis. The �nal data samples with at least one jet satisfying EjetT;B > 8 GeVontained 19908 events for R = 1, 16231 for R = 0:7 and 12935 for R = 0:5.
4 Monte Carlo simulationSamples of events were generated to determine the response of the detetor to jets ofhadrons and the orretion fators neessary to obtain the hadron-level jet ross setions.The hadron level is de�ned by those hadrons with lifetime � � 10 ps. The generated eventswere passed through the Geant 3.13-based [36℄ ZEUS detetor- and trigger-simulationprograms [29℄. They were reonstruted and analysed by the same program hain as thedata.Neutral urrent DIS events inluding eletroweak radiative e�ets were simulated usingthe Herales 4.6.1 [37℄ program with the Djangoh 1.1 [38℄ interfae to the QCDprograms. The QCD asade is simulated using the olour-dipole model (CDM) [39℄ in-luding the leading-order (LO) QCD diagrams as implemented in Ariadne 4.08 [40℄ and,alternatively, with the MEPS model of Lepto 6.5 [41℄. The CTEQ5D [42℄ parameterisa-tions of the proton PDFs were used for these simulations. Fragmentation into hadrons isperformed using the Lund string model [43℄ as implemented in Jetset [44, 45℄.The jet searh was performed on the MC events using the energy measured in the CALells in the same way as for the data. The same jet algorithm was also applied to the�nal-state partiles (hadron level) and to the partons available after the parton shower(parton level). The MC programs were also used to orret the measured ross setionsfor QED radiative e�ets and the running of �em.4



5 QCD alulationsThe measurements were ompared with LO (O(�s)) and NLO QCD (O(�2s)) alulationsobtained using the program Disent [46℄. The alulations were performed in the MSrenormalisation and fatorisation shemes using a generalised version [46℄ of the subtra-tion method [47℄. The number of avours was set to �ve and the renormalisation (�R)and fatorisation (�F ) sales were hosen to be �R = EjetT;B and �F = Q, respetively. Thestrong oupling onstant was alulated at two loops with �(5)MS = 226 MeV, orrespondingto �s(MZ) = 0:118. The alulations were performed using the ZEUS-S [25℄ parameter-isations of the proton PDFs. In Disent, the value of �em was �xed to 1=137. The kTluster algorithm was also applied to the partons in the events generated by Disent inorder to ompute the jet ross-setion preditions. The alulations were performed forthe same values of R as for the data. In addition, preditions were obtained for R = 0:3and 1:2 to determine the range of R in whih the theory is most reliable.Sine the measurements refer to jets of hadrons, whereas the NLO QCD alulations referto jets of partons, the preditions were orreted to the hadron level using the MC models.The multipliative orretion fator (Chad) was de�ned as the ratio of the ross setionfor jets of hadrons over that for jets of partons, estimated by using the MC programsdesribed in Setion 4. The mean of the ratios obtained with Ariadne and Lepto-MEPS was taken as the value of Chad. The value of Chad di�ers from unity by less than5%, 15% and 25% for R = 1, 0:7 and 0:5, respetively, in the region Q2 � 500 GeV2. ForR = 1:2, Chad di�ers from unity by less than 1% and for R = 0:3, Chad di�ers by 40%.Disent does not inlude the ontribution from Z0 exhange; MC simulated events withand without Z0 exhange were used to inlude this e�et in the NLO QCD preditions. Inthe following, NLO QCD alulations will refer to the fully orreted preditions, exeptwhere otherwise stated.5.1 Theoretial unertaintiesSeveral soures of unertainty in the theoretial preditions were onsidered:� the unertainty on the NLO QCD alulations due to terms beyond NLO, estimatedby varying �R between EjetT;B=2 and 2EjetT;B, was below �7% at low Q2 and low EjetT;Band dereased to less than �5% for Q2 > 250 GeV2 for R = 1. For smaller radii,the estimated unertainty is smaller (higher) at low (high) Q2 than for R = 1. ForR = 1:2, this unertainty inreases up to �10% for Q2 � 500 GeV2;� the unertainty on the NLO QCD alulations due to those on the proton PDFs wasestimated by repeating the alulations using 22 additional sets from the ZEUS-S anal-5



ysis, whih takes into aount the statistial and orrelated systemati experimentalunertainties of eah data set used in the determination of the proton PDFs. Theresulting unertainty in the ross setions was below �3%, exept in the high-EjetT;Bregion where it reahed �4:4%;� the unertainty on the NLO QCD alulations due to that on �s(MZ) was estimated byrepeating the alulations using two additional sets of proton PDFs, for whih di�erentvalues of �s(MZ) were assumed in the �ts. The di�erene between the alulationsusing these various sets was saled by a fator suh as to reet the unertainty onthe urrent world average of �s [48℄. The resulting unertainty in the ross setionswas below �2%;� the unertainty from the modelling of the QCD asade was assumed to be half thedi�erene between the hadronisation orretions obtained using the Ariadne andLepto-MEPS models. The resulting unertainty on the ross setions was less than1:4% for R = 1 and inreased up to � 4% for R = 0:5;� the unertainty of the alulations in the value of �F was estimated by repeating thealulations with �F = Q=2 and 2Q. The variation of the alulations was negligible.The total theoretial unertainty was obtained by adding in quadrature the individualunertainties listed above.It is onluded that NLO QCD provides preditions with omparable preision in the rangeR = 0:5 � 1. For larger values of R, e.g. R = 1:2, it was estimated that the unertaintyon the NLO QCD alulations due to terms beyond NLO inreases up to about 10% forhigh Q2 values. On the other hand, the hadronisation orretion estimated for the rosssetions with smaller radii, e.g. R = 0:3, inreases up to about 40%. Therefore, onlymeasurements for the range R = 0:5� 1 are presented in Setion 7.6 Aeptane orretionsThe EjetT;B and Q2 distributions in the data were orreted for detetor e�ets using bin-by-bin orretion fators determined with the MC samples. These orretion fators took intoaount the eÆieny of the trigger, the seletion riteria and the purity and eÆieny ofthe jet reonstrution. For this approah to be valid, the unorreted distributions of thedata must be well desribed by the MC simulations at the detetor level. This onditionwas satis�ed by both the Ariadne and Lepto-MEPS MC samples. The average betweenthe aeptane-orretion values obtained with Ariadne and Lepto-MEPS was used toorret the data to the hadron level. The deviations in the results obtained by using eitherAriadne or Lepto-MEPS to orret the data from their average were taken to represent6



systemati unertainties of the e�et of the QCD-asade model in the orretions (seeSetion 6.1). The aeptane-orretion fators di�ered from unity by typially less than10%.
6.1 Experimental unertaintiesThe following soures of systemati unertainty were onsidered for the measured rosssetions:� the unertainty in the absolute energy sale of the jets was estimated to be �1%for EjetT;LAB > 10 GeV and �3% for lower EjetT;LAB values [10, 11, 49℄. The resultingunertainty was about �5%;� the di�erenes in the results obtained by using either Ariadne or Lepto-MEPS toorret the data for detetor e�ets were taken to represent systemati unertainties.The resulting unertainty was typially below �3%;� the unertainty due to the seletion uts was estimated by varying the values of theuts within the resolution of eah variable; the e�et on the ross setions was typiallybelow �3%;� the unertainty on the reonstrution of the boost to the Breit frame was estimatedby using the diretion of the trak assoiated to the sattered eletron instead of thatderived from its impat position in the CAL. The e�et was typially below �1%;� the unertainty in the absolute energy sale of the eletron andidate was estimatedto be �1% [50℄. The resulting unertainty was below �1%;� the unertainty in the ross setions due to that in the simulation of the trigger wasnegligible.The systemati unertainties not assoiated with the absolute energy sale of the jets wereadded in quadrature to the statistial unertainties and are shown in the �gures as errorbars. The unertainty due to the absolute energy sale of the jets is shown separately as ashaded band in eah �gure, due to the large bin-to-bin orrelation. In addition, there wasan overall normalisation unertainty of 2:2% from the luminosity determination, whih isnot inluded in the �gures. 7



7 Results7.1 Inlusive-jet di�erential ross setions for di�erent jet radiiThe inlusive-jet di�erential ross setions were measured in the kinemati region Q2 >125 GeV2 and j os hj < 0:65. These ross setions inlude every jet of hadrons in theevent with EjetT;B > 8 GeV and �2 < �jetB < 1:5 and were orreted for detetor and QEDradiative e�ets and the running of �em.The measurements of the inlusive-jet di�erential ross setions as funtions of EjetT;B andQ2 are presented in Figs. 1a and 2a for jet radii R = 1, 0:7 and 0:5. In these �gures, eahdata point is plotted at the absissa at whih the NLO QCD di�erential ross setionwas equal to its bin-averaged value. The measured d�=dEjetT;B (d�=dQ2) exhibits a steepfall-o� over three (�ve) orders of magnitude for the jet radii onsidered in the EjetT;B (Q2)measured range.The NLO QCD preditions with �R = EjetT;B are ompared to the measurements in Figs. 1aand 2a. The frational di�erene of the measured di�erential ross setions to the NLOQCD alulations is shown in Figs. 1b and 2b. The alulations reprodue the measureddi�erential ross setions well for the jet radii onsidered, with similar preision. To studythe sale dependene, NLO QCD alulations using �R = Q were also ompared to thedata (not shown); they also provide a good desription of the data.7.2 Dependene of the inlusive-jet ross setion on the jet ra-diusMeasurements of the inlusive-jet ross setion have been performed for EjetT;B > 8 GeVand �2 < �jetB < 1:5 in the kinemati range given by j os hj < 0:65 integrated aboveQ2min = 125 and 500 GeV2 for di�erent jet radii. The measured ross setion, �jets, asa funtion of R is presented in Figs. 3a and 3b. The measured ross setions inreaselinearly with R in the range between 0:5 and 1. The inrease of �jets as R inreases anbe understood as the result of more transverse energy being gathered in a jet so that alarger number of jets has EjetT;B exeeding the threshold of 8 GeV.The preditions of LO and NLO QCD for �jets at the parton level, with no orretions forhadronisation or Z0 exhange, are shown in the inset of Fig. 3. The LO preditions donot depend on R sine there is only one parton per jet. The NLO alulations give thelowest-order ontribution to the R dependene of the inlusive-jet ross setion. The NLOQCD alulations, orreted to inlude hadronisation and Z0 e�ets, are also shown in8



the inset of Fig. 3. It is observed that, in addition to the e�ets due to parton radiation,the hadronisation orretions further modify the shape of the predition.The NLO QCD alulations are ompared to the data in Fig. 3. They give a gooddesription of the R dependene of the data within the jet-radius range onsidered. Theunertainty of the NLO alulation is also shown. The total theoretial unertainty of theross setion integrated above Q2min = 125 GeV2 (500 GeV2) hanges from 5:6% (3:2%)for R = 1 to 4:2% (7:1%) for R = 0:5. This variation is due to a hange of the unertaintyarising from higher-order QCD orretions and hadronisation. The unertainties arisingfrom �s(MZ) and the proton PDFs do not hange signi�antly with R.7.3 Determination of �s(MZ)The measured di�erential ross setions presented in Setion 7.1 were used to determine avalue of �s(MZ) using the method presented previously [5℄. The NLO QCD alulationswere performed using the program Disent with �ve sets of ZEUS-S proton PDFs whihwere determined from global �ts assuming di�erent values of �s(MZ), namely �s(MZ) =0:115; 0:117; 0:119; 0:121 and 0:123. The value of �s(MZ) used in eah alulation wasthat assoiated with the orresponding set of PDFs. The �s(MZ) dependene of thepredited ross setions in eah bin i of A (A = Q2; EjetT;B) was parameterised aording to[d�=dA(�s(MZ))℄i = Ci1�s(MZ) + Ci2�2s(MZ);where Ci1 and Ci2 were determined from a �2 �t to the NLO QCD alulations. The valueof �s(MZ) was determined by a �2 �t to the measured d�=dA values for several regions ofthe variable A. The values of �s(MZ) obtained from the various di�erential ross setionsand jet radii were found to be onsistent. The result obtained using the measured d�=dQ2for Q2 > 500 GeV2 with R = 1 yields the smallest unertainty and, therefore, representsthe most preise determination from this analysis. In the region Q2 > 500 GeV2, theexperimental systemati unertainties on the ross setions are smaller than at lower Q2and the theoretial unertainties due to the proton PDFs and to terms beyond NLO areminimised.The unertainties on the extrated values of �s(MZ) due to the experimental systematiunertainties were evaluated by repeating the analysis for eah systemati hek presentedin Setion 6.1. The overall normalisation unertainty from the luminosity determinationwas also onsidered. The largest ontribution to the experimental unertainty omesfrom the jet energy sale and amounts to �2% on �s(MZ). The theoretial unertaintieswere evaluated as desribed in Setion 5.1. The largest ontribution was the theoretialunertainty arising from terms beyond NLO, whih was estimated by using the methodproposed by Jones et al. [51℄, and amounted to �1:5%. The unertainty due to the proton9



PDFs was �0:7%. The unertainty arising from the hadronisation e�ets amounted to�0:8%.As a ross-hek, �s(MZ) was determined by using NLO QCD alulations based on theMRST2001 [26℄ and CTEQ6 [27℄ sets of proton PDFs. The values obtained are onsistentwithin 1% with those based on ZEUS-S. The unertainty arising from the proton PDFs wasestimated to be �0:7% (�1:6%) using the results of the MRST2001 (CTEQ6) analysis.The value of �s(MZ) obtained from the measured d�=dQ2 for Q2 > 500 GeV2 with R = 1is �s(MZ) = 0:1207� 0:0014 (stat:) +0:0035�0:0033 (exp:) +0:0022�0:0023 (th:).This value of �s(MZ) is onsistent with the urrent world average of 0:1189� 0:0010 [48℄as well as with the HERA average of 0:1186� 0:0051 [52℄. It has a preision omparableto the values obtained from e+e� interations [48℄.7.4 Energy-sale dependene of �sThe QCD predition for the energy-sale dependene of the strong oupling onstant wastested by determining �s from the measured d�=dEjetT;B with R = 1 at di�erent EjetT;Bvalues. The method employed was the same as desribed above, but parameterising the�s dependene of d�=dEjetT;B in terms of �s(hEjetT;Bi) instead of �s(MZ), where hEjetT;Bi is theaverage EjetT;B of the data in eah bin. The extrated values of �s are shown in Fig. 4.The results are in good agreement with the predited running of the strong ouplingonstant [53℄ alulated at two loops [54℄ over a large range in EjetT;B.8 SummaryMeasurements of di�erential ross setions for inlusive-jet prodution in neutral urrentdeep inelasti ep sattering at a entre-of-mass energy of 318 GeV have been presented.The ross setions refer to jets of hadrons identi�ed in the Breit frame with the kT lusteralgorithm in the longitudinally invariant inlusive mode. The ross setions are given inthe kinemati region of Q2 > 125 GeV2 and j os hj < 0:65.The dependene of the inlusive-jet ross setions on the jet-radius R has been studied.It has been determined that NLO QCD provides preditions with omparable preisionin the range R = 0:5 � 1. Measurements of inlusive-jet di�erential ross setions forthis jet-radius range have been presented. The NLO QCD alulations provide a gooddesription of the measured inlusive-jet di�erential ross setions d�=dEjetT;B and d�=dQ2for R = 1; 0:7 and 0:5. It is observed that the measured inlusive-jet ross setion10



integrated above Q2min = 125 and 500 GeV2 inreases linearly with R in the jet-radiusrange studied.The measured inlusive-jet di�erential ross setions have been used to extrat a value of�s(MZ). A QCD �t of the ross-setion d�=dQ2 with R = 1 for Q2 > 500 GeV2 yieldsthe determination with smallest unertainty,�s(MZ) = 0:1207� 0:0014 (stat:) +0:0035�0:0033 (exp:) +0:0022�0:0023 (th:).This value is in good agreement with the world and HERA averages. The extrated valuesof �s at di�erent EjetT;B are in good agreement with the predited running of the strongoupling onstant over a large range in EjetT;B.AknowledgementsWe thank the DESY Diretorate for their strong support and enouragement. The re-markable ahievements of the HERA mahine group were essential for the suessfulompletion of this work and are greatly appreiated. We are grateful for the support ofthe DESY omputing and network servies. The design, onstrution and installation ofthe ZEUS detetor have been made possible owing to the ingenuity and e�ort of manypeople who are not listed as authors.
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EjetT;B bin d�=dEjetT;B(GeV) (pb/GeV) Æstat Æsyst ÆES CQED ChadR = 18-10 63.98 0.68 +1:20�1:39 +2:84�2:56 0.95 0.9110-14 29.29 0.34 +0:37�0:52 +1:25�1:31 0.96 0.9514-18 11.07 0.20 +0:15�0:20 +0:61�0:50 0.96 0.9618-25 3.234 0.080 +0:036�0:045 +0:156�0:167 0.94 0.9725-35 0.773 0.033 +0:016�0:015 +0:040�0:033 0.95 0.9535-100 0.0312 0.0027 +0:0005�0:0006 +0:0015�0:0022 1.06 0.95R = 0:78-10 50.09 0.60 +0:93�1:19 +2:16�1:94 0.95 0.7710-14 23.38 0.30 +0:30�0:38 +1:11�1:06 0.96 0.8314-18 8.97 0.18 +0:17�0:19 +0:47�0:41 0.96 0.8818-25 2.659 0.071 +0:031�0:038 +0:120�0:126 0.95 0.9125-35 0.631 0.029 +0:024�0:025 +0:028�0:026 0.96 0.9235-100 0.0237 0.0022 +0:0006�0:0007 +0:0015�0:0016 1.03 0.93R = 0:58-10 38.25 0.52 +0:85�1:11 +1:81�1:60 0.95 0.6410-14 17.78 0.26 +0:26�0:30 +0:85�0:77 0.96 0.7014-18 7.09 0.15 +0:22�0:23 +0:32�0:33 0.95 0.7718-25 2.257 0.063 +0:027�0:032 +0:096�0:103 0.96 0.8325-35 0.514 0.025 +0:020�0:020 +0:024�0:024 0.97 0.8635-100 0.0208 0.0019 +0:0006�0:0006 +0:0014�0:0011 1.04 0.90Table 1: Inlusive jet ross-setions d�=dEjetT;B for jets of hadrons in the Breitframe seleted with the longitudinally invariant kT luster algorithm for di�erentvalues of R (Fig. 1). The statistial, unorrelated systemati and jet-energy-sale(ES) unertainties are shown separately. The multipliative orretions appliedto the data to orret for QED radiative e�ets, CQED, and the orretions forhadronisation e�ets to be applied to the parton-level NLO QCD alulations, Chad,are shown in the last two olumns.
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Q2 bin d�=dQ2(GeV2) (pb/GeV2) Æstat Æsyst ÆES CQED ChadR = 1125-250 1.106 0.012 +0:013�0:020 +0:066�0:062 0.97 0.92250-500 0.3671 0.0053 +0:0048�0:0078 +0:0153�0:0149 0.95 0.94500-1000 0.1037 0.0020 +0:0020�0:0021 +0:0033�0:0029 0.95 0.951000-2000 0.02439 0.00072 +0:00039�0:00033 +0:00059�0:00058 0.94 0.962000-5000 0.00396 0.00017 +0:00017�0:00015 +0:00008�0:00008 0.94 0.955000-100000 0.000036 0.000003 +0:000003�0:000003 +0:000001�0:000001 0.98 0.96R = 0:7125-250 0.855 0.010 +0:007�0:012 +0:054�0:048 0.97 0.79250-500 0.2913 0.0046 +0:0053�0:0079 +0:0124�0:0119 0.95 0.83500-1000 0.0840 0.0018 +0:0017�0:0017 +0:0026�0:0024 0.95 0.861000-2000 0.02079 0.00066 +0:00041�0:00043 +0:00046�0:00049 0.94 0.882000-5000 0.00332 0.00016 +0:00018�0:00016 +0:00007�0:00006 0.93 0.885000-100000 0.000031 0.000003 +0:000002�0:000002 +0:000001�0:000001 0.97 0.90R = 0:5125-250 0.6344 0.0088 +0:0058�0:0092 +0:0406�0:0357 0.97 0.64250-500 0.2246 0.0040 +0:0053�0:0069 +0:0097�0:0097 0.95 0.70500-1000 0.0672 0.0016 +0:0020�0:0019 +0:0021�0:0020 0.94 0.751000-2000 0.01709 0.00060 +0:00049�0:00051 +0:00043�0:00042 0.94 0.792000-5000 0.00296 0.00015 +0:00016�0:00015 +0:00006�0:00006 0.95 0.815000-100000 0.000028 0.000003 +0:000002�0:000002 +0:000001�0:000000 0.98 0.83Table 2: Inlusive jet ross-setions d�=dQ2 for jets of hadrons in the Breit frameseleted with the longitudinally invariant kT luster algorithm for di�erent valuesof R (Fig. 2). Other details as in the aption to Table 1.
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R �jets(pb) Æstat Æsyst ÆES CQED ChadQ2 > 125 GeV20.5 197.8 1.9 +3:3�4:1 +9:3�8:6 0.96 0.700.7 255.6 2.1 +3:3�4:4 +11:9�11:1 0.96 0.821.0 321.5 2.4 +4:2�5:4 +14:8�14:1 0.96 0.94Q2 > 500 GeV20.5 62.3 1.1 +1:5�1:4 +1:7�1:7 0.95 0.770.7 75.8 1.3 +1:3�1:3 +2:1�2:0 0.95 0.871.0 91.6 1.4 +1:6�1:5 +2:6�2:4 0.95 0.95Table 3: Inlusive jet ross-setions �jets for jets of hadrons in the Breit frameseleted with the longitudinally invariant kT luster algorithm for Q2 > 125 and500 GeV 2 (Fig. 3). Other details as in the aption to Table 1.
hEjetT;Bi �s(GeV) Æstat Æsyst Ætheor8.9 0.1907 +0:0038�0:0038 +0:0194�0:0171 +0:0208�0:019211.7 0.1746 +0:0028�0:0028 +0:0123�0:0126 +0:0148�0:014215.7 0.1719 +0:0032�0:0031 +0:0105�0:0092 +0:0107�0:010520.7 0.1519 +0:0028�0:0028 +0:0061�0:0065 +0:0057�0:005728.6 0.1512 +0:0037�0:0037 +0:0050�0:0045 +0:0043�0:004441.2 0.1452 +0:0064�0:0063 +0:0041�0:0056 +0:0036�0:0036Table 4: The �s values determined from a QCD �t of the measured d�=dEjetT;B withR = 1 as a funtion of EjetT;B (Fig. 4). The statistial, systemati and theoretialunertainties are shown separately.
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Figure 1: (a) The measured di�erential ross-setion d�=dEjetT;B for inlusive-jetprodution with �2 < �jetB < 1:5 (dots) for di�erent jet radii, in the kinemati rangegiven by Q2 > 125 GeV 2 and j os hj < 0:65. The NLO QCD alulations with�R = EjetT;B (solid lines), orreted to inlude hadronisation and Z0 e�ets and usingthe ZEUS-S parameterisations of the proton PDFs, are also shown. Eah rosssetion has been multiplied by the sale fator indiated in brakets to aid visibility.(b) The frational di�erenes between the measured d�=dEjetT;B and the NLO QCDalulations (dots); the hathed bands display the total theoretial unertainty. Theinner error bars represent the statistial unertainty. The outer error bars showthe statistial and systemati unertainties, not assoiated with the unertainty inthe absolute energy sale of the jets, added in quadrature. The shaded bands displaythe unertainty due to the absolute energy sale of the jets.
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Figure 2: The measured di�erential ross-setion d�=dQ2 for inlusive-jet pro-dution with EjetT;B > 8 GeV and �2 < �jetB < 1:5 (dots) for di�erent jet radii, in thekinemati range given by j os hj < 0:65. Other details as in the aption to Fig. 1.
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Figure 3: The measured ross-setion �jets as a funtion of the jet radius forinlusive-jet prodution with EjetT;B > 8 GeV and �2 < �jetB < 1:5 (dots), in thekinemati range given by j os hj < 0:65 and (a) Q2 > 125 GeV 2 and (b) Q2 >500 GeV 2. The insets show the LO (dot-dashed lines) and NLO (dashed lines)QCD alulations. The NLO QCD alulations orreted to inlude hadronisationand Z0 e�ets are shown as solid lines. Other details as in the aption to Fig. 1.
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