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Abstract

As earlyphysicsprogramswith theATLAS detector, we present J/ψ andϒ production
crosssection andspinalignmentmeasurements, andthestrategy for thejet energy calibra-
tion. 1

1Thisnoteis preparedfor theproceedingsof the5-th InternationalConferenceonQuarksandNuclearPhysics,
Beijing, September21-26, 2009.
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1 Introduction

TheATLAS detector[1] is being commissionedto explore thephysics in theenergy regimeaccessible at
theLargeHadron Collider (LHC)[2], the14 TeV proton-protoncollider at CERN.TheATLAS physics
programandexpectedresultsin theearlydatatakingperiodarediscussedin Ref.[3]. Herewesummarize
theJ/ψ andϒ production andjet energy scaledetermination.

TheLHC will producecharmandbeauty quarksin copiousquantities,evenin itsearly low luminosity
runs. TheJ/ψ andϒ oniawill provideimportantsignalsfor detectorcalibration andmany physicsstudies
especially in their leptonicfinal stateswhicharewell separatedfrom thehugehadronic background. The
separation of prompt and indirect production, for example, will be achieved by meansof the tracks’
impactparameters. Sincesuchmeasurementsrequire a good understanding of the detector alignment
andcalibration. From the physics point of view, the production mechanism of quarkonium hasmany
featureswhicharestill unexplainedandevenearlymeasurementscanprovideimportantinformation.

TheLHC allows us to explore QCD to muchshorter distances.Amongother studies,themeasure-
mentof the jet cross section to high momentum is of prime importanceto find any deviation from the
Standard Model expectation. Thejet energy calibration is crucial in orderto perform reliable measure-
ments.

2 J/ψ and ϒ production

2.1 Overview

The CDF J/ψ production cross section measurement[4] highlighted a mysterious aspect in the onium
production mechanism, in thatthemeasuredvalue wasnearly 50 timeslarger thantheprediction by the
Color SingletModel (CSM)[5, 6], with different pT dependence. The Color OctetModel (COM) was
thenproposed[7] to rescuethe situation, wherequarkonia producedwith color becomesa singlet by
radiating soft gluons in longer distance. The COM wassuccessful in describing the crosssection and
its pT dependencebut turned out not to describe thepolarization parameter1 α in quarkonium decay[8].
TheCOM predicts positive α whereas theTevatronmeasurementsarein general negative for J/ψ .

TheTevatronmeasurements,however, arealsonot yet conclusive. The ϒ spinalignment measure-
ment[9] by D0 Run2is not consistentwith CDF Run1measurement,andbothdisagreewith theoretical
models. A recent calculation to NNLO* based on the CSM[10] alone canbe consistent with theCDF
ϒ cross section, providing a negative α prediction consistentpartially with D0 measurement.Fromthe
experimentalsystematicspoint of view, the limited cosθ

�
coverage (typically

�
cosθ

� ���
0� 6 by CDF)

makesthemeasurementlessreliable.

2.2 Expected ATLAS performance

We presenttheexpectedquarkoniumproduction measurementsin themuonic decay mode.Two trigger
schemeswill be used, giving two separatedatasamples. The first is a dimuontrigger, requiring two
muonswith pµ1

T � 6 GeV/c and pµ2
T � 4 GeV/c. The second is a single muontrigger, requiring one

muonwith pT � 10 GeV/c. Thefirst favors low
�
cosθ

� �
andthesecond favorshigh

�
cosθ

� �
.

In thefirst sample,at theoffline level pairs of reconstructedmuonsaretaken to form theJ/ψ candi-
dates,while in thesecond weform J/ψ ’s from muonplustrackpairs. In eachcasethecommonvertex of
a dimuonor muonandtrack is reconstructed at theoffline analysisstageto separatethepromptandin-
direct production. By requiring thepseudo-propertime to belessthan 0.2ps,prompt Jψ canbeselected
at 93%efficiency with 92%purity[3].

1Thepolarizationparameterα is definedby dN
d cosθ ��� C 3

2α 	 6 
 1 � α cos2 θ ��
 , whereθ � is theanglebetweenµ 	 in theψ
restframeandψ directionin thelaboratoryframe.
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By combining thetwo datasamples,a wider andflat cosθ
�

range will becovered asshown in Fig.
1, wherereliable spinalignment measurementsshould bepossiblebothfor J/ψ andϒ.

Figure1: cosθ
�

acceptanceof (left) J/ψ and(right) ϒ, shown for µ6µ4 andµ10triggers.Theeventsare
generatedflat in cosθ

�
.

Wehaveestimated themeasurementsensitivity to α at10pb� 1 of dataat � s � 1� 4 TeV[3]. Themass
resolution of J/ψ (ϒ) in thedimuon decay modeis 53 (161)MeV, with negligible background consisting
mainlyof Drell-Yanevents. Themassresolution is notdegradedin single-muontriggeredevents,but the
hadronicbackgroundwill besubstantial. Thesignal-to-noiseratio in themasswindowis approximately
onefor J/ψ and1/4 for ϒ. The backgroundsubtraction is manageablefor J/ψ with 10 pb� 1 but is not
justified for ϒ, for whichwe requiremoreluminosity.

Theprecisionof theα measurementis shown in Fig. 2, estimated at 10 pb� 1. Theinput α is recon-
structedwith a precision of 0.02to 0.06in J/ψ pT range of 10

�
pT

�
20 GeV/c, which is comparable

to theTevatronresultsobtainedwith � 1 fb � 1 of data. Thedeterminationis lessprecisefor ϒ dueto the
limited achievablesignal-to-noiseratio.

3 Jet energy scale

The large center-of-massenergy of the LHC allows us to explore the QCD to muchshorter distance.
Hundredsof jetswith ET � 1 TeV canbeproducedfor 10 pb� 1, whereasthemaximumET attainableis
0.7TeV at theTevatron.

The jet production measurementinvolvesa numberof theoretical uncertaintiessuchas the parton
distributionfunctions(PDFs),andin thefactorizationandrenormalizationscalesin theQCDcalculation.
Among the experimentaluncertainties, the jet energy scale(JES)contributesmost significantly. The
steeply falling jet ET spectrum requiresgood control of thejet energy. At 1 TeV, 1% (5%) energy scale
uncertainty correspondsto 10%(30%) erroronthecrosssection. Thetypical crosssection uncertaintyat
ET � 1 TeVdueto theQCDscaleuncertainty is 10%for pmax

T � 2 �
µ

�
2pmax

T , andto thePDFuncertainty
is 15%estimatedusing CTEQ6,6.1PDFset.Comparing with thesetheoreticaluncertainties,control of
JESto 1-2%is regarded asthetarget to achieve.

The jet energymeasurementstarts from signals recorded in the calorimetercells, followed by two
majorsteps: detector effectscorrections (e � g � non-uniform responseandnon-compensation[3]) andjet-
to-particlecorrections. Thelatterstepincludestheeffectssuchasclustering, initial andfinal stateradia-
tion (ISRandFSR),andtheunderlying event(UE). Thefinal stepis to translatetheenergy to theparton
level.
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Figure2: Reconstructed α at10pb� 1 asafunctionof quarkonium pT, shownfor J/ψ for inputα � 0��� 1
andfor (with circles) ϒ for inputα � 0.

The validation of the jet calibration will be performedin-situ using physics processes.QCD dijet
eventsareused to check the uniformity of the calibration over the detectorprior to the absolute JES
calibration, which is performedusing energy-balancedprocesses.Amongmany possibleprocesses,we
present themethodusingthe pT balancebetweenthe jet andγ /Z boson. At very high jet energies, the
statisticsof these events vanishes. After thevalidation of JESin the limited pT range, higher JESwill
bevalidatedusing QCDmultijet eventsby balancing theleadingenergyjet to themomentum sumof the
other jets.

In the energy range10
�

ET

�
100 � 200 GeV, the Z-jet balancemethodis effective, asshown in

Fig. 3. The pT of Z is reconstructedfrom thedilepton into which it decays. A statistical uncertainty of
0.8%-1%canbe achieved below 200 GeV with an integratedluminosity of 100 pb� 1. The methodis
sensitiveto thecorrectmodelingof theradiation,givenby thedifferencebetweenALPGEN andPYTHIA
datasamples. A typical JESsystematicsis 5-10% at low ET dueto ISR/FSRandUE uncertaintiesand
1-2%at ET � 200GeV.

Theenergyrange 100 � 200
�

ET

�
500GeV is covered by the γ-jet balancemethod(seeFig. 4).

The main background is QCD jets, whereone of the jets is misidentified as a photon. The leading
jet producedin thehemisphereopposite to the leading photon is examined. Two photon selectionsare
considered with tight selection to reducefurthertheQCDbackground. At 100pb� 1 astatistical precision
of 1-2%is achievablewith another1-2%from ISR/FSRandUE uncertainties.

In thehigher energy range (ET � 500GeV), theleading jet in multijet eventsis balancedto thesum
of lower energy jetswith theJES,which is already calibrated.This method is examinedwith ALPGEN
andPYTHIA generators. A statistical uncertainty of 2% is achieved with 1 fb � 1 up to 1 TeV while a
systematicsof 7%is expecteddueto uncertainty in lowerenergy jet JES.

To further improve the JES,understanding of ISR/FSR andUE is crucial. ATLAS plans to study
these first with the beam[11]. The azimuthal dijet decorrelation is another pieceof informationwhich
canquantify theISRcontribution[12].
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Figure3: Jetsenergy scaleobtainableby Z-jet pT balancemethod.

Figure4: Jetenergyscaleobtainableby γ-jet pT balancemethod.
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Figure5: Jetenergy scaleobtainableby multijet pT balancemethod at1 fb � 1.

4 Summary

The ATLAS detector is being commissioned to explore new energy regimes. In early datawith 10
pb� 1 to 1 fb � 1 integratedluminosity, ATLAS should provideimportant informationon thequarkonium
production mechanismandthejet crosssection.
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