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AbstratWe present a omprehensive overview of theory-data omparisons for inlusive jet pro-dution. Theory preditions are derived for reent parton distribution funtions andompared with jet data from di�erent hadron-indued proesses at various enter-of-mass energies ps. The omparisons are presented as a funtion of jet transverse mo-mentum pT or, alternatively, of the saling variable xT = 2pT=ps.1 IntrodutionIn this artile we provide a omprehensive overview of theory-data omparisons for inlusivejet ross setion measurements made in hadron-indued proesses between 1993 and today.The omparisons are made for the entral region in (pseudo-) rapidity. Data sets inludeinlusive jet ross setions measured in hadron-hadron ollisions at enter-of-mass energiesps between 200GeV and 7TeV and in deeply inelasti sattering (DIS) at ps = 300GeVand 318GeV. The theory alulations are omputed onsistently for all data sets using reentparton distribution funtions (PDFs) and ommon hoies for the strong oupling onstant�s(MZ) and the renormalization and fatorization sales. Ratios of data and theory arepresented as a funtion of jet transverse momentum1 pT or, alternatively, as a funtion ofthe saling variable xT = 2pT =ps.1Some of the measurements disussed in this artile have been made as a funtion of jet transverseenergy ET . Throughout this artile we use pT to refer to both, either the jet transverse momentum or thejet transverse energy, as appropriate. In hadron-hadron ollisions, \transverse" refers to the momentumor energy omponent perpendiular to the hadron-hadron beam axis. In DIS, \transverse" refers to themomentum omponent perpendiular to the photon-proton axis (whih is the z-axis in the Breit frame).1
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This artile is intended as a persistent repository for the newest theory-data omparisonspossible in jet prodution in hadron-indued proesses and will be updated whenever newrelevant data and/or theory results are published.In setion 2 we disuss how the theory results are obtained while details of the data setsare desribed in setion 3. Comparisons of theory and data are presented in setion 4.2 Theory PreditionsConventionally, experimental measurements are orreted for instrumental e�ets and theresults are provided at the \partile level" [1℄. Corresponding theory preditions for jetobservables Otheory are therefore obtained as the produt of a perturbative QCD (pQCD)result, OpQCD, multiplied by a orretion fator for non-perturbative e�ets, non�pertOtheory = OpQCD � non�pert : (1)For inlusive jet ross setions in hadron-hadron ollision and in DIS, the �xed-order pertur-bative expansion is known to next-to-leading order (NLO) in the strong oupling onstant�s, whih is of order O(�2s) for DIS and O(�3s) for hadron-hadron ollisions. For inlusivejet ross setions in hadron-hadron ollisions, additional O(�4s) orretions from thresholdorretions have been omputed [2℄. These results are used for the alulations in this arti-le. Renormalization and fatorization sales, �r and �f , are set to �r = �f = pT , where pTis the transverse momentum (or, where appropriate, transverse energy) of the individual jet.In all ases �r and �f are larger than the b-quark mass, and thus all alulations are madefor �ve ative avors (nf = 5). The proton PDFs are taken from the PDF parametrizationsMSTW2008 [3℄, CT10 [4℄, NNPDF2.1 [5℄, or HERAPDF1.5 [6, 7℄. All of these parametriza-tions are available in NLO and NNLO approximations (exept for CT10 whih are onlyavailable in NLO) as well as for a series of �s(MZ) values. In eah ase, we use those PDFsets whih were obtained for �s(MZ) = 0:118 whih is losest to the urrent world averagevalue [8℄. The same value of �s(MZ) is also employed in the matrix elements. The NLOPDF parametrizations are used for the omparisons with DIS data, together with the NLOmatrix elements. The NNLO versions (where available) are used for the omparisons withdata from hadron-hadron ollisions, together with NLO matrix elements plus O(�4s) on-tributions from threshold orretions. Correspondingly, in these omparisons �s is evolvedusing the numerial solutions of the 2-loop and 3-loop approximations of the renormalizationgroup equation for DIS and hadron-hadron ollisions, respetively. All pQCD ontributionsare omputed within the framework of fastNLO [9℄ using NLOJET++[10, 11℄ for the LOand NLO ontributions and ode from the authors of Ref. [2℄ for the threshold orretions.The anti-kT jet algorithm is taken from the implementation in FastJet [12℄.The fator non�pert inludes non-perturbative orretions due to hadronization and theunderlying event. These orretions are usually obtained usingMonte Carlo event generatorsand the values are published together with the measurement results. Whenever this wasnot the ase, we have omputed the orretion fators ourselves using pythia 6.4 [13℄ withtune A [14℄. For DIS data at high Q2, underlying event orretions are assumed to benegligible. In those ases, the pQCD results are only orreted for hadronization e�ets.For some of the data sets, additional theoretial e�ets have already been folded intothe published results. This is taken into aount as follows:2



� For some p�p data sets (as mentioned in setion 3), orretions for the underlying eventhave already been applied to the data. In the orresponding alulations, pQCDtheory is only orreted for hadronization e�ets.� Observables in DIS are usually orreted for higher order QED e�ets whih mayeither inlude orretions for the running of the QED oupling �, or not. The formeris the standard hoie by the ZEUS Collaboration, and therefore the orrespondingpQCD alulations are made for a �xed value of � = 1=137. Jet measurement resultsfrom the H1 Collaboration are not orreted for the running of �, and therefore theorresponding pQCD alulations inlude a running value of �(Q).3 Data SetsIn this setion, we give a brief overview on the data sets whih are used in the theory-dataomparisons. The phase spae requirements are given as stated in the ited publiationswhih inlude further details regarding the exat de�nition of the variables. The reombi-nation shemes used in the jet algorithms are usually the E-sheme [15℄, or the ET -sheme(frequently referred to as \Snowmass onvention") [16℄. In some ases other reombinationshemes have been used. The following measurements of the inlusive jet ross setion as afuntion of pT are used in the omparisons. All data are orreted to the partile level asde�ned in Ref. [1℄, exept where mentioned otherwise.1. Proton-proton sattering at ps = 7TeV at the LHC(a) CMS Collaboration (2011) Lint = 34pb�1 [17℄Measurement of d2�=dpT dy for 18 < pT < 1100GeV in six rapidity regionsjyj < 3:0 using the anti-kT jet algorithm with R = 0:5 in the E-sheme. In ouromparisons we display the results for jyj < 0:5. Non-perturbative orretions aredetermined as the average of pythia 6.422 with tune D6T [18℄ and herwig++2.4.2 [19℄ with the default tune of herwig++ 2.3 (as detailed in Ref. [20℄).(b) ATLAS Collaboration (2010) Lint = 17nb�1 [21℄Measurement of d2�=dpTdy for 60 < pT < 500GeV in �ve rapidity regionsjyj < 2:8 using the anti-kT jet algorithm with R = 0:4 in the E-sheme. Inour omparisons we display the results for 0 < jyj < 0:3. Non-perturbativeorretions are determined using pythia 6 with tune MC09.() ATLAS Collaboration (2010) Lint = 17nb�1 [21℄The same as in 1. (b), but for R = 0:6.2. Proton-anti-proton sattering at ps = 1:96TeV at the Fermilab Tevatron ollider(a) CDF Collaboration (2008) Lint = 1:13 fb�1 [22℄Measurement of d2�=dpT dy for 62 < pT < 700GeV in �ve rapidity regions jyj <2:1 using the Run II iterative midpoint one jet algorithm (CDF version) withR = 0:7 in the E-sheme. In our omparisons we display the results for 0:1 <jyj < 0:7. Non-perturbative orretions are determined using pythia with tuneA.(b) CDF Collaboration (2007) Lint = 1:0 fb�1 [23℄Measurement of d2�=dpT dy for 52 < pT < 700GeV in �ve rapidity regions jyj <3



2:1 using the inlusive kT jet algorithm with R = 0:7 in the E-sheme. Inour omparisons we display the results for 0:1 < jyj < 0:7. Non-perturbativeorretions are determined using pythia with tune A.() D� Collaboration (2008) Lint = 0:7 fb�1 [24℄Measurement of d2�=dpT dy for 50 < pT < 600GeV in six rapidity regions jyj <2:4 using the Run II iterative midpoint one jet algorithm (D� version) withR = 0:7 in the E-sheme. In our omparisons we display the results for jyj < 0:4.Non-perturbative orretions are determined using pythia with tune QW [25℄.3. Proton-anti-proton sattering at ps = 1:8TeV at the Fermilab Tevatron ollider(a) CDF Collaboration (2001) Lint = 10pb�1 [26℄Measurement of d2�=dET d� for 40 < ET < 465GeV in the pseudorapidity range0:1 < j�j < 0:7 using the JETCLU iterative one jet algorithm with R = 0:7 ina speial reombination sheme desribed in equations (3-9) in [26℄. Corretionsfor the e�ets due to the underlying event have been estimated using ambientenergy measured in minimum bias events and applied to the data. Hadronizationorretions have not been published.(b) D� Collaboration (2001) Lint = 95pb�1 [27℄Measurement of d2�=dET d� for 60 < ET < 500GeV in �ve pseudorapidity re-gions j�j < 3:0 using the D� Run I iterative one jet algorithm with R = 0:7in a speial reombination sheme, but with additional orretions of jet � toaount for the di�erenes to the ET -sheme [28℄. In our omparisons we displaythe results for j�j < 0:5. Corretions for the e�ets due to the underlying eventhave been estimated using low luminosity minimum bias data [29℄ and applied tothe data. Hadronization orretions have not been published.4. Proton-anti-proton sattering at ps = 546, 630GeV at the Fermilab Tevatron ollider(a) CDF Collaboration (1993) at ps = 546GeV, Lint = 8:58 nb�1 [30℄Measurement of d2�=dET d� for 27:5 < ET < 73GeV in the pseudorapidity range0:1 < j�j < 0:7 using the JETCLU iterative one jet algorithm with R = 0:7 ina speial reombination sheme, desribed in equations (3-9) in [26℄. Corretionsfor e�ets due to the underlying event have been estimated using the observedalorimeter transverse energy at 90Æ to the jet axis in CDF dijet events andapplied to the data. Hadronization orretions have not been published.(b) D� Collaboration (2001) ps = 630GeV, at Lint = 538 nb�1 [31℄Measurement of d2�=dET d� for 21 < ET < 196GeV in the pseudorapidity regionj�j < 0:5 using the D� Run I iterative one jet algorithm with R = 0:7 in a speialreombination sheme (see [31℄). Corretions for the e�ets due to the underlyingevent have been estimated using Monte Carlo simulations of p�p interations andapplied to the data. Hadronization orretions have not been published.5. Proton-proton sattering at ps = 200GeV at RHIC(a) STAR Collaboration (2006) Lint = 0:30 pb�1 [32℄Measurement of d2�=dpT d� for 5 < pT < 49GeV in the pseudorapidityregion 0:2 < j�j < 0:8 using the Run II iterative midpoint one jet algorithm(implemented following [15℄) with R = 0:7 in the E-sheme. Non-perturbative4



orretions have not been published. Those were provided to us by one of theauthors [33℄.6. Deeply inelasti sattering at ps = 318GeV at HERA(a) H1 Collaboration (2007) Lint = 65:4 pb�1 [34℄Measurement of d2�=dET dQ2 for 7 < ET < 50GeV and 150 < Q2 < 15000GeV2at an inelastiity 0:2 < y < 0:7 in the pseudorapidity region �1 < �lab < 2:5 usingthe inlusive kT jet algorithm in the Breit frame with R = 1 in the ET -sheme.In these omparisons we are using the data 150 < Q2 < 5000GeV2 for whihontributions from Z exhange are negligible. The data have been orreted tothe partile level and for QED radiative orretions, but not for the running of�. Hadronization orretions have been determined as the average value usingdjangoh [35℄ and rapgap [36℄.(b) ZEUS Collaboration (2007) Lint = 81:7 pb�1 [37℄Measurement of d2�=dET dQ2 for 8 < ET < 100GeV and Q2 > 125GeV2 withj os hj < 0:65 in the pseudorapidity region �2 < �Breit < 1:5 using the inlusivekT jet algorithm in the Breit frame with R = 1 in the ET -sheme. In theseomparisons we are using the data 125 < Q2 < 5000GeV2 for whih ontributionsfrom Z exhange are negligible. The data have been orreted to partile leveland for QED radiative orretions, inluding the running of �. Hadronizationorretions have been determined as the average value using ariadne [38, 39℄and lepto [40℄.7. Deeply inelasti sattering at ps = 300GeV at HERA(a) H1 Collaboration (2001) Lint = 33pb�1 [41℄Measurement of d2�=dET dQ2 for 7 < ET < 50GeV and 150 < Q2 < 5000GeV2at 0:2 < y < 0:6 in the pseudorapidity region �1 < �lab < 2:5 using the inlusivekT jet algorithm in the Breit frame with R = 1 in the ET -sheme. The data havebeen orreted to partile level and for QED radiative orretions, but not forthe running of �. Hadronization orretions have been determined as the averagevalue from herwig [42℄, lepto, and ariadne.(b) ZEUS Collaboration (2002) Lint = 10pb�1 [43℄Measurement of d2�=dET dQ2 for 8 < ET < 100GeV and Q2 > 125GeV2 with�0:7 < os h < 0:5 in the pseudorapidity region �2 < �Breit < 1:8 using theinlusive kT jet algorithm in the Breit frame with R = 1 using the ET -sheme.In these omparisons we are using the data 125 < Q2 < 5000GeV2 for whihontributions from Z exhange are negligible. The data have been orretedto partile level and for QED radiative orretions, inluding the running of�. Hadronization orretions have been determined as the average value usingariadne, lepto, and herwig.
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4 ResultsThe ratios of data and theory for all results obtained in hadron-hadron ollisions and in DISat large four-momentum transfer squared Q2, are shown in Fig. 1 as a funtion of jet pT .For DIS, the variable pT orresponds to the jet transverse energy de�ned in the Breit frameof referene. The unertainty bars indiate the total experimental unertainties, de�ned asthe quadrati sum of statistial and systemati unertainties. For purposes of visibility, theratios for di�erent enter-of-mass energies are multiplied by fators as given in the �gures,and the results are sorted from top to bottom in the order of inreasing enter-of-massenergy.Figure 2 shows the data points from hadron-hadron ollisions, this time as a funtionof xT = 2pT =ps. For entral jet prodution in hadron-hadron ollisions, the variable xTis losely related to the hadron momentum frations x1 and x2, arried by the partons. Inexlusive dijet prodution with rapidities y1 = y2 = 0, the relation xT = x1 = x2 holds.The omparison of inlusive jet ross setion data at entral (pseudo-) rapidities as afuntion of xT allows to infer the sensitivity of PDF determinations to the measured data.In general, we observe good agreement between theory and data. The data from somemeasurements (CDF at ps = 546GeV [30℄ and ATLAS and CMS at ps = 7TeV [21, 17℄)have a tendeny of being systematially below the theory preditions. However, the CDFand ATLAS data have relatively large unertainties, and it was disussed in Refs. [17, 20℄that within experimental and theoretial unertainties, the CMS data are in agreement withtheory. Di�erenes in the shapes between theory and data as a funtion of pT for the jetdata at ps = 1:8 and 1:96TeV an be explained by orrelated experimental unertainties,as studied in reent global PDF analyses [3, 4, 5℄.The theory-data omparisons whih are presented in Figs. 1 and 2 for MSTW2008 PDFsare also repeated for the PDF parametrizations CT10, NNPDF2.1, and HERAPDF1.5.These results are displayed in Figs. 3 { 8. In most ases we observe a very similar agreementas for MSTW2008 PDFs.From Fig. 1 it is visible that the new LHC jet data have started to go beyond the pTreah of the Fermilab Tevatron experiments CDF and D�. Fig. 2 shows that the new CMSmeasurement provides the �rst jet results whih probe the PDFs down to x = 5 � 10�3. Inthis x-region, the PDFs are already onstrained by data from inlusive DIS experiments.Therefore the omparison of LHC jet data with theory preditions in this overlap regionwill help to understand unertainties not related to PDFs. It is also visible from Fig. 2 thaturrently the Tevatron jet data still have the highest reah in x.Referenes[1℄ C. Buttar et al., \Aords related to the hadroni �nal state," in G. Belanger et al.(Eds.), Les Houhes 2007, Physis at TeV olliders, arXiv:0803.0678 [hep-ph℄, setion9.[2℄ N. Kidonakis and J. F. Owens, \E�ets of higher-order threshold orretions in high-E(T) jet prodution," Phys. Rev. D 63, 054019 (2001). [arXiv:hep-ph/0007268℄.[3℄ A. D. Martin, W. J. Stirling, R. S. Thorne and G. Watt, \Parton distributions for theLHC," Eur. Phys. J. C 63, 189 (2009). [arXiv:0901.0002 [hep-ph℄℄.6
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Figure 1: Ratios of data and theory for inlusive jet ross setions measured in hadron-hadron ollisions and in deeply inelasti sattering at di�erent enter-of-mass energies. Theratios are shown as a funtion of jet transverse momentum pT . The theory results areomputed for MSTW2008 PDFs.
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Figure 2: Ratios of data and theory for inlusive jet ross setions measured in hadron-hadron ollisions at di�erent enter-of-mass energies. The ratios are shown as a funtion ofthe saling variable xT = 2pT =ps. The theory results are omputed for MSTW2008 PDFs.
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Figure 3: Ratios of data and theory for inlusive jet ross setions measured in hadron-hadron ollisions and in deeply inelasti sattering at di�erent enter-of-mass energies. Theratios are shown as a funtion of jet transverse momentum pT . The theory results areomputed for CT10 PDFs.
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Figure 4: Ratios of data and theory for inlusive jet ross setions measured in hadron-hadron ollisions at di�erent enter-of-mass energies. The ratios are shown as a funtion ofthe saling variable xT = 2pT =ps. The theory results are omputed for CT10 PDFs.
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Figure 5: Ratios of data and theory for inlusive jet ross setions measured in hadron-hadron ollisions and in deeply inelasti sattering at di�erent enter-of-mass energies. Theratios are shown as a funtion of jet transverse momentum pT . The theory results areomputed for NNPDF2.1 PDFs.
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Figure 6: Ratios of data and theory for inlusive jet ross setions measured in hadron-hadron ollisions at di�erent enter-of-mass energies. The ratios are shown as a funtion ofthe saling variable xT = 2pT =ps. The theory results are omputed for NNPDF2.1 PDFs.
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Figure 7: Ratios of data and theory for inlusive jet ross setions measured in hadron-hadron ollisions and in deeply inelasti sattering at di�erent enter-of-mass energies. Theratios are shown as a funtion of jet transverse momentum pT . The theory results areomputed for HERAPDF1.5 PDFs.
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Figure 8: Ratios of data and theory for inlusive jet ross setions measured in hadron-hadron ollisions at di�erent enter-of-mass energies. The ratios are shown as a funtionof the saling variable xT = 2pT =ps. The theory results are omputed for HERAPDF1.5PDFs.
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