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JET RESULTS AT THE DØ EXPERIMENT�I.A. BertramFor the DØ CollaborationLan
aster University, LA1 4YB, Lan
aster, UKe-mail: bertram�fnal.gov(Re
eived July 22, 2002)In this paper I will present a sele
tion of re
ent results 
on
entratingon the measurement of jets as measured by the DØ experiment at theFermilab Tevatron �pp 
ollider. The results presented here are a 
omparisonof the in
lusive jet 
ross-se
tion as measured using the 
one and kT jetalgorithms, the measurement of sub-jet multipli
ity of quark and gluonjets, a measurement of thrust, and a measurement of low pT jets.PACS numbers: 13.85.Hd, 13.87.Ce1. In
lusive jet 
ross-se
tionDØ has studied the high pT behaviour of the in
lusive jet 
ross se
tionfor j� j < 0:5 at ps = 1:8 TeV for di�erent jet algorithms. The measure-ment of the 
ross-se
tion using the kT algorithm [1℄ is 
ompared dire
tlywith a previous measurement using a 
one algorithm with a radius given byR = 0:7 [2℄. The parameter, D = 1:0, used to 
hara
terise the kT jet hasbeen 
hosen to give an identi
al predi
ted 
ross se
tion to the 
one algorithmusing the jetrad NLO Monte Carlo program [3℄.The 
omparison between the in
lusive jet 
ross-se
tion and theory pre-di
tion Jetrad with the CTEQ4HJ distribution is plotted in Fig. 1. Bothmeasurements are in agreement with the predi
tions. However, the two mea-surements di�er over the measured range of jet transverse energies (ET) withthe di�eren
e de
reasing as ET in
reases. This is due to the di�eren
e in thejet ET measured using the 
one and kT algorithm of 1 to 2 GeV dependingon the ET. This is 
aused by several di�erent e�e
ts whi
h in
lude hadroni
� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3141)



3142 I.A. Bertramshowering whi
h is not in
luded in the NLO parton predi
tion, di�ering 
on-tributions from the underlying event, and e�e
ts of parti
le showering in thedete
tor.

Fig. 1. In
lusive jet 
ross-se
tions for j� j < 0:5 measured using the 
one (solid
ir
les) and the kT algorithm (solid squares) 
ompared to the theory predi
tionJetrad with the CTEQ4HJ distribution.If we estimate the e�e
ts of hadronisation using the herwig [5℄ showerMC and apply the e�e
t to the jetrad predi
tion then the agreement be-tween the 
ross-se
tion and the theoreti
al predi
tion improves from 29%to 44% as estimated using a �2 test. The remaining di�eren
e between the
ross-se
tions 
an be explained by the di�eren
e in the energy s
ale 
orre
-tions for the two algorithms whi
h have several un
orrelated un
ertainties.2. Subjet multipli
ity in quark & gluon jetsDØ has investigated the di�eren
e in stru
ture between quark and gluonjets. The study was 
arried out using two samples of jets with 55 < pT <100GeV at 
enter-of-mass energies of ps = 630 and 1800GeV. The twosamples will have di�erent fra
tions of jets produ
ed from quarks and gluonssin
e they have a di�erent x range. This fra
tion 
an be predi
ted usinga showering MC generator and a parton distribution fun
tion.The stru
ture of the jets is studied by determining the number of sub jetsusing the kT algorithm at both 
enter-of-mass energies. The distributionsare then de
onvoluted to obtain the distribution of sub jets for quarks andgluons (see Fig. 2). The di�eren
e between quark and gluon jets 
an bequanti�ed by the ratio R = (hMgi � 1) = (hMqi � 1) = 1:84+0:27�0:23 ; whereMg and Mq are the average number of gluon and quark jets. This value
ompares well with the herwig value R = 1:91 whi
h has been tuned usingLEP data.
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Fig. 2. The number of sub jets for quark and gluon jets.3. Dijet transverse thrust distributionMeasurement of event shape distributions at e+e� 
olliders have beenused to study of hadroni
 �nal states, the testing of perturbative QCD pre-di
tions, and the measurement of �S. The thrust distribution measures how
ollinear the event is, with a value of 1 
orresponding to two ba
k-to-ba
kobje
ts and a 12 
orresponding to a uniform distribution of parti
les. Thetraditional de�nition of thrust has to be adjusted in two ways for makingmeasurements at a hadron 
ollider due to the underlying event and possibil-ity of multiple �pp 
ollisions o

urring in the same bun
h 
rossing. The �rstis to 
al
ulate the thrust using jets instead of parti
les sin
e jets are morelikely to be asso
iated with the hard pro
ess we wish to study. The se
ondis to 
al
ulate the thrust only in the transverse dire
tion (as we 
an only ap-ply 
onservation of momentum in the transverse dire
tion). The transversethrust T 2 is given by TT = max n̂ P j~pti � n̂ jP j~pti j : (1)After studies to optimise the signal and redu
e the dete
tor e�e
ts it wasfound that the optimum observable is to 
al
ulate the thrust using only thetwo highest pT jets in the events as measured using the kT algorithm, TT2 .



3144 I.A. BertramThe thrust is measured as a fun
tion of s
alar sum of the transverse mo-mentum of the three leading jets, H3T. The thrust is measured in four H3Tbins 
orresponding to four di�erent jet trigger thresholds, 160�260GeV,260�360GeV, 360�430GeV, and 430�700GeV. The thrust distribution for430�700GeV is given in Fig. 3.

Fig. 3. The transverse thrust distribution TT2 
ompared to a jetrad predi
tion for430 < H3T < 700 GeV.The thrust measurements are 
ompared the NLO parton jetrad predi
-tions with a renormalization s
ale of �F = �R = pmaxT =2 and the 
teq4hjparton distribution fun
tion. The NLO predi
tion agrees with data in theregion of 1�T from 10�3 to 0.12. The NLO predi
tion disagrees with data inthe limit T approa
hes 1 and resummation 
al
ulations are probably neededto get agreement. In regions where T approa
hes 0.5 the NLO predi
tion isnot expe
ted to provide an adequate des
ription of the data as higher order
ontributions are required (between p2=2 � TT2 � p3=2 the LO predi
tionis order �4s ). 4. Low pT jetsDØ has 
arried out a 
omprehensive 
omparison of low transverse energy(ET > 20 GeV) jet produ
tion with the Monte Carlo generators pythia [6℄and herwig [5℄. The ET and angular distributions of 1, 2, 3, and 4 jet eventsare measured and 
ompared with the MC predi
tions. Without tuning theMC generators underestimate the produ
tion of low ET 3 and 4 jet events(Fig. 4).
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Fig. 4. The in
lusive jet 
ross-se
tions for 1, 2, 3, and 4 jet events. Both plots
ompare the measured 
ross-se
tion with tuned pythia predi
tions. The lowerplot shows (Data�Theory/Theory).



3146 I.A. BertramHowever, if the event generators are tuned to the observed data thenex
ellent agreement 
an be obtained. For pythia the fra
tion of energy
ontained within the 
ore region of the hadroni
 matter distribution needsto be adjusted to PARP(83) = 0.32 herwig requires adjustment of theminimum pT of the hard pro
ess to 3.7 GeV to obtain agreement.5. Con
lusionIn Run I DØ has 
ompleted several measurements that probe low pTregimes and the stru
ture of jets. Measurement of in
lusive jet 
ross-se
tiondepends on the 
hoi
e of the jet algorithm. Low pT 
ross-se
tions, jet sub-stru
ture measurements, and the thrust distribution probe the event stru
-ture and test the predi
tions of LO shower Monte Carlo programs.Currently Run II has 
ommen
ed at the Tevatron and DØ has produ
edits �rst preliminary jet results. Over the next year we 
an expe
t to seemany more intriguing results as the in
reased luminosity and dete
tor im-provements allow us to improve or jet measurements.REFERENCES[1℄ DØ Collaboration, V.M. Abazov, et al., Phys. Lett. B525, 211 (2002).[2℄ DØ Collaboration, B. Abbott, et al., Phys. Rev. D64, 032003 (2001); Phys.Rev. Lett. 82, 2451 (1999).[3℄ W.T. Giele, E.W.N. Glover, D.A. Kosower, Nu
l. Phys. B403, 633 (1993).[4℄ DØ Collaboration, V.M. Abazov, et al., Phys. Rev. D65, 052008 (2002).[5℄ G. Mar
hesini et al., Comput. Phys. Commun. 67, 465 (1992).[6℄ T. Sjöstrand, Comput. Phys. Commun. 82, 74 (1994).


