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% § As early physccs progamswith the ATLAS detecbr, we presat J/ andY prodiction
b B crosssectian andspinalignmentmeasuementsandthe stratey for the jet enegy calibra-
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1 Introduction

The ATLAS detector[l] is being commissonedto explore the physcsin theenegy regimeaccestle at
the Large Hadran Collider (LHC)[2], the 14 TeV proton-potoncollider at CERN. The ATLAS physcs
progamandexpededresulsin theearlydatataking periodarediscussedn Ref.[3]. Herewesummarize
theJ/Y andY production andjet enegy scaledetermiration

TheLHC will producecham andbeauy quaksin copiausquartities, evenin its early low luminosty
runs TheJ/p andY oniawill provideimportantsigralsfor detector calibration andmary physics studes
espeially in therr leptonicfinal statesvhich arewell sepaatedfrom thehuge hadranic baclgrourd. The
sepaation of promptand indirect production, for exampk, will be achieved by meansof the tradks’
impactparamegrs. Sincesuchmeastementsrequie a good understaing of the dete¢or alignment
and calibration From the physts point of view, the production mechaism of quarlonium hasmary
featueswhich arestill unexplainedandevenearly measwementsanprovideimportantinformation

The LHC allows usto explore QCD to muchshater distances. Among othe studes, the measure-
mentof the jet cross sectdn to high momentum is of primeimportanceto find ary deviation from the
Standad Model expectation. The jet enegy calibrationis crudal in orderto perfom reliable measure-
ments.

2 J/g and Y production

2.1 Overview

The CDF J/ production cross secton measurment[4] highlighted a mystefous aspet in the onium
production mechaism, in thatthe measuedvalue wasnealy 50 timeslarger thanthe predction by the
Color SingletModel (CSM)[5, 6], with different p; depemene. The Color OctetModd (COM) was
thenproposed[7] to rescuethe situation wherequakonia prodwcedwith color becanesa sindet by
radiating soft gluonsin longer distance. The COM wassucessfu in descibing the crosssection and
its p; dependeree but turned out notto descibe the polarization paramegrt o in quakonium deca[8].
The COM predcts positive a wherea the Tevatronmeasurmentsarein geneal negative for J/i.

The Tevatronmeasurments,however, arealsonot yet conclisive. The Y spin alignment measure-
ment[9] by DO Run2is not consstentwith CDF Runlmeasuement,andbothdisagreewith theaetical
models A recert calcubtionto NNLO* basa& on the CSM[10] alore canbe corsistert with theCDF
Y cross sectbn, providing a negative a predidion consgstentpartally with DO measwement.Fromthe
expelimental sysematicspoint of view, the limited cosf* coverag (typically |cos6*| < 0.6 by CDF)
malkesthe measuementlessreliade.

2.2 Expected ATLAS performance

We preentthe expeded quarlonium production measuementsn the muonic decy mode. Two trigger
scheneswill be used giving two sepaate datasampeés. The first is a dimuontrigger, requiring two
muonswith p‘T‘1 > 6 GeV/c and p‘T’2 > 4 GeV/c. The seconl is a single muontrigger, requifing one
muonwith p; > 10 GeV/c. Thefirst favors low | cos8*| andthe secad favorshigh | cos6*|.

In thefirst sampek, at the offline level pairs of recanstruded muonsaretaken to form the J/iy candi-
dates, while in theseconl we form J/’s from muonplustrackpairs. In eachcasethecommonvertex of
adimuonor muonandtrad is recongructed at the offline analysis stageto sepaatethe promptandin-
direct production. By requring the pseulo-propertime to belessthan 0.2 ps,promg J@ canbe seleted
at 93%efficiengy with 92% purity[3].
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2(H6(1+orc052 6*), where6* is the anglebetweenu™ in the

1The polarizationparametenr is definedby % =C
restframeandy directionin thelaboratoryframe.



By combhing thetwo datasampks,awider andflat cos6* range will be covered asshavn in Fig.
1, whererelialde spinalignmen measurmentsshout be possible bothfor J/ andY.
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Figurel: cosf* aceptane of (left) iy and(right) Y, shavn for u6u4 andul10triggers.Theeventsare
geneatedflatin cosg*.

We have estimate themeasuementsendgivity to a at10pb—! of dataat/s= 1.4 TeV[3]. Themass
resdution of J/Y (Y) in thedimuon decy modeis 53 (161) MeV, with negligible baclgrourd congsting
mainly of Drell-Yanevents. Themasgesdution is notdegradedin single-muontriggeredevents,but the
hadionic baclground will be subsantial Thesignd-to-noiseratio in themasswindow is apprximately
onefor Jiy and1/4 for Y. The backgoundsubtaction is managablefor J/y with 10 pb~! but is not
justified for Y, for which we requre moreluminosty.

The precsionof the @ measuementis shavn in Fig. 2, estimate at 10 pb—. Theinput a is recon-
structedwith a precison of 0.02to 0.06in J/ip p; range of 10 < p; < 20 GeVic, whichis comparale
to the Tevatronresuts obtanedwith ~ 1 fb~! of data The determimtionis lesspredsefor Y dueto the
limited achievablesignal-to-noiseratio.

3 Jet energy scale

The large cente-of-massenegy of the LHC allows usto explore the QCD to much shater distance.
Hundreds of jetswith E; > 1 TeV canbe producedfor 10 pb~!, whereaghe maximumeg; attairableis
0.7 TeV atthe Tevatron.

The jet production measwementinvolves a numberof theorgical uncetainties suchasthe paron
distributionfunctions(PDFs),andin thefactaizationandrenomalizaton scdesin theQCD calcuation.
Among the expetimental uncetainties, the jet enegy scale(JES)contributesmostsignificantly. The
stegly falling jet E; spectum requiresgoad contol of the jet energy At 1 TeV, 1% (5%) enegy scale
uncetainty correpondsto 10% (30%) erroronthecrosssecton. Thetypicd crosssection uncetainty at
E; ~ 1 TeVdueto theQCDscakuncetainty is 10%for p7'®/2 < u < 2pt'®, andto thePDFuncetainty
is 15%estimatedusing CTEQS, 6.1 PDF set. Comparirg with thesetheaeticaluncetainties, control of
JESto 1-2%is regardel asthetargetto achiere.

The jet energymeasurmentstars from signals recorded in the calorimetercells, followed by two
major steps detector effectscorrectiors (e.g. non-uniform respnseandnon-compeisatiorj3]) andjet-
to-particlecorrectiors. Thelatterstepincludesthe effects suchasclugering, initial andfinal stateradia-
tion (ISR andFSR),andtheunderlying event(UE). Thefinal stepis to transhtethe enegy to the parton
level.
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Figure2: Recongructed a at10 pb~* asafunction of quarkonium p;, shownfor Ji for inputa =0, 41
andfor (with circleg Y for inputa = 0.

The validaion of the jet calibration will be performedin-situ using physic processes.QCD dijet
eventsare usal to check the uniformity of the calibration over the detector prior to the absdute JES
calibration, which is performedusing enegy-balancedproeesses Among mary possible processeswe
preentthe methodusingthe p; balancebetweerthe jet and y/Z boson. At very high jet enegies, the
statstics of thes events vanistes. After the validaion of JESin the limited p; range, higha JESwill
bevalidatedusing QCD multijet eventsby balarcing theleading energyjet to the momentum sumof the
othe jets.

In the enegy rangel0 < E; < 100— 200 GeV, the Z-jet balance methodis effective, asshavn in
Fig. 3. The p; of Z is recorstruded from the dileptoninto which it decys. A staistical uncertairty of
0.8%-1%canbe achieved below 200 GeV with an integratedluminasity of 100 pb~L. The methodis
sengtivetothecorrectmodelirg of theradidion, givenby thedifferencebetweerALPGEN andPYTHIA
datasamples A typical JESsystematicsis 5-10% atlow E; dueto ISR/FSRandUE uncetaintiesand
1-2%atE; ~ 200GeV.

The energyrange 100— 200 < E; < 500 GeV is covered by the y-jet balarce method(seeFig. 4).
The main baclgrourd is QCD jets, where one of the jets is misidentified asa phaon. The leadng
jet producedin the hemisghereopposte to the leadng phaon is examined Two phaon seletions are
consdered with tight selecton to redue furtherthe QCD backgrourd. At 100pb—* astatigical precision
of 1-2%is achievablewith anotler 1-2%from ISR/FSRandUE uncertairties.

In the higher enegy range (E; > 500GeV), theleadng jet in multijet eventsis balarcedto thesum
of lower enepy jetswith the JES,whichis alrealy calibrated. This methal is examinedwith ALPGEN
andPYTHIA geneators A statsticad uncetainty of 2% is achievedwith 1 fo~* up to 1 TeV while a
sysematicsof 7%is expeceddueto uncetainty in lower enagy jet JES.

To furtherimprove the JES,undeastandng of ISR/FR and UE is crucial. ATLAS plars to study
thes first with the beam[1]. The azimuthal dijet decorelation is anotter pieceof informationwhich
canquartify thelSR contiibution[17].
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Figure3: Jetsenegy scak obtairableby Z-jet p; balancemethod
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Figure4: Jetenergyscaleobtanableby y-jet p; balarce method
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Figure5: Jetenepgy scak obtairableby multijet p; balarcemethal at1 o1,

4 Summary

The ATLAS detecor is being commisgoned to explore nev enegy regimes In early datawith 10
pb~! to 1 fb~1 integratedluminasity, ATLAS shoul provide importantinformationon the quakonium
production mechaism andthejet cross sectian.
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