
1ATLAS: Status and First ResultsDaniel R. Tovey aon behalf of the ATLAS Collaboration.aDepartment of Physis and Astronomy, University of SheÆeld, Houns�eld Road, SheÆeld S3 7RH, UKReent results from the ATLAS experiment at the CERN Large Hadron Collider are presented. The experimenthas been funtioning with high eÆieny sine the start of LHC data-taking, at proton-proton entre-of-massenergies of 900 GeV and 2.36 TeV (2009) and 7 TeV (2010). This paper provides a brief overview of the highlightsof reent detetor performane and physis measurements.1. INTRODUCTIONThe ATLAS detetor [1℄ is a large generalpurpose detetor operating at the CERN LargeHadron Collider (LHC) [2℄. The �rst ATLASphysis results dealing with harged partile mul-tipliities in 900 GeV proton-proton ollision wereobtained with data from the initial 2009 LHCrun [3℄. Following a brief run at 2.36 TeVand a planned shut-down, LHC data-taking re-ommened in 2010 at a pp entre-of-mass energyof 7 TeV. Rapid progress in `re-disovering' theStandard Model is being made with this data-set,enabled by exellent detetor performane andstability. Among the highlights of this physisprogramme have been the observation of high pTjet events, reonstrution of J= ! �+�� de-ays, and measurement of the ross setions forprodution of W and Z bosons at 7 TeV.2. THE ATLAS DETECTORThe ATLAS detetor overs almost the wholesolid angle around the nominal LHC ollisionpoint with layers of traking detetors (the `in-ner detetor'), alorimeters and muon hambers.The ATLAS inner detetor has full overagein � and overs the pseudorapidity range j�j <2.5. It onsists of a silion pixel detetor (Pixel),a silion mirostrip detetor (SCT) and a tran-sition radiation traker (TRT). These detetorsover a sensitive radial distane from the inter-ation point of 50.5-150 mm, 299-560 mm and

563-1066 mm, respetively, and are immersed ina 2 T axial magneti �eld. The inner detetorbarrel (end-ap) parts onsist of 3 (2�3) pixellayers, 4 (2�9) double-layers of single-sided sili-on mirostrips with a 40 mrad stereo angle, and73 (2�160) layers of TRT straws. These dete-tors have position resolutions of typially 10, 17and 130 �m for the R�� o-ordinate and, in thease of the Pixel and SCT, 115 and 580 �m forthe seond measured o-ordinate. A trak from apartile traversing the barrel detetor would typ-ially have 11 silion hits (3 pixel lusters and 8strip lusters), and more than 30 straw hits.High granularity liquid-argon (LAr) eletro-magneti sampling alorimeters, with exellentperformane in terms of energy and position reso-lution, over the pseudorapidity range of up to j�j= 4.9. The hadroni alorimetry in the range j�j< 1.7 is provided by a sintillator-tile alorime-ter, whih is separated into a large barrel and twosmaller extended barrel ylinders, one on eitherside of the entral barrel.The alorimeter is surrounded by the muonspetrometer. The air-ore toroid system, witha long barrel and two inserted end-ap magnets,generates strong bending power in a large vol-ume within a light and open struture. Multiple-sattering e�ets are thereby minimised, and ex-ellent muon momentum resolution is ahievedwith three layers of high preision traking ham-bers. The muon instrumentation inludes, as akey omponent, trigger hambers with timing res-olution of the order of 1.5-4 ns. The muon spe-



2trometer de�nes the overall dimensions of the AT-LAS detetor.3. DATA-TAKING AND TRIGGERAs of 25th July 2010 ATLAS had reorded ap-proximately 340 nb�1 of data under LHC stablebeam onditions (whih means that it is safe forATLAS to turn on the full inner detetor). Themaximum peak luminosity as measured in AT-LAS was L = 1:6 � 1030 m�2s�1. The opera-tional fration of all ATLAS detetor and triggersystems was lose to 100% at all times.The ATLAS detetor has a three-level triggersystem: Level 1 (L1), Level 2 (L2) and EventFilter (EF). The L2 and EF systems are ol-letively referred to as the High Level Trigger(HLT). The main physis trigger during the 2009data taking relied on the L1 signals from theBeam Pikup Timing devies (BPTX) and theMinimum Bias Trigger Sintillators (MBTS). TheBPTX are omposed of beam pik-ups attahedto the beam pipe at z = 175 m from the entreof the ATLAS detetor. The MBTS are mountedat eah end of the detetor in front of the liquid-argon end-ap alorimeter ryostat at z = 3.56 m.Most data has been aquired during the 2010 runat ps = 7 TeV, using trigger menus appropriateto the instantaneous luminosity onditions. Ini-tially only L1 triggers have been used with typi-al thresholds of order 3 GeV (EM objets), 5{15GeV (jets) and 0 GeV (muons). As the triggerrates have inreased thresholds have been raisedor, as in the ase of EM triggers, HLT rejetionhas been applied.4. DETECTOR AND COMBINED PER-FORMANCE HIGHLIGHTSATLAS has already produed an impressivenumber of detetor and ombined performane re-sults using the 2009 and 2010 ollision data. Thissetion an only show a small seletion of theseresults.The Pixel detetor has an analogue read-outand an therefore measure the energy loss oftraversing partiles. Fig. 1(top) shows the energyloss versus the harge times the momentum of the
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Figure 1. Top: energy loss in the pixel detetorfor all reonstruted traks. The bands for pions,kaons and protons are learly visible. Bottom:a pre-seletion of traks using only the proton of�! p�� (and ��! �p�+) removes the kaon band.traversing partiles. The bands for protons, kaonsand pions an learly be seen. A ross-hek hasbeen made by reonstruting the deay of parti-les suh as �! p�� as shown in Fig. 1(bottom).When only plotting the energy loss for the deayproduts of the � (and ��) only the bands for pro-tons and pions remain.The TRT has the ability to separate eletronsand pions by measuring the photon radiation ofthe traversing partile. The intensity of this tran-sition radiation is proportional to the Lorentzfator  = E=m02 of the traversing partile.Fig. 2(top) shows the probability for produingso-alled high threshold hits whih are due totransition radiation in the TRT, for data andMonte Carlo. Pions in the momentum range 1- 10 GeV radiate far fewer photons than ele-trons in the same momentum range due to the
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Figure 2. Top: the probability of a high-thresholdhit in the TRT barrel as a funtion of the Lorentzfator  = E=m02. Bottom: fration of highthreshold hits in the TRT for all reonstrutedtraks in data and Monte Carlo.large mass di�erene between the two partiles. Aross-hek of this an be made by using identi�edeletrons from photon onversions ( ! e+e�).Fig. 2(bottom) shows the fration of high thresh-old hits for all reonstruted traks in data andMonte Carlo. The shaded area towards higherfrations of high threshold hits is entirely due toeletrons from photon onversions.The reonstrution of well known partile de-ays suh as K0S ! �+��, �! p�� or ��! �p�+is a powerful tool for understanding and validat-ing the performane of the detetor [4℄. Fig. 3shows the reonstruted invariant mass spetraof the K0S and the �. The mean values of thereonstruted partile masses for the K0S, � and�� (the latter is not shown) agree very well with
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Figure 3. Reonstruted invariant mass spetraof K0S ! �+�� (top) and �! p�� (bottom).the world averages [5℄. The widths of the distri-butions show very good agreement between dataand Monte Carlo. This underlines the good un-derstanding of the detetor (e.g. the material inthe inner detetor) at this early stage of data tak-ing.The eletromagneti alorimeter measures theenergy of eletrons and photons. Comparisonbetween data and Monte Carlo estimates of itsresponse to single isolated traks permits as-sessment of systemati unertainties in the un-derstanding of alorimeter performane and theamount and distribution of material in the innerdetetor. Fig. 4 shows the energy deposited inthe alorimeter over the momentum of a trak asmeasured in the inner detetor in the barrel re-gion j�j < 0.6 for isolated hadrons for data andMonte Carlo. The momentum of reonstrutedtraks was required to lie in the range 1.2{1.8GeV. An isolation requirement of no other traks
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Figure 4. The energy deposited in the alorime-ter over the momentum, as measured in the in-ner detetor, of an isolated trak. Traks possessj�j = [0; 0:6℄ and p = [1:2; 1:8℄ GeV.within a one in � and � of 0.4 was made. Thepeak at zero is due to partiles that stopped inthe inner detetor (e.g. due to hadroni intera-tions) and hene did not deposit any energy inthe alorimeter. The agreement between simu-lation and data is remarkable and also reets agood understanding of the material in the innerdetetor in the simulation.The muon spetrometer will play an importantrole in triggering on interesting physis hannelsat higher entre-of-mass energies. An early in-diator of its exellent performane has been thepreision with whih the J= ! �+�� deay pro-ess an be reonstruted, as disussed in the nextsetion.5. PHYSICS HIGHLIGHTS5.1. Observation of J= ! �+��The deay J= ! �+�� has been observedin ATLAS data using ombined information fromthe muon spetrometer and the inner detetor [6℄.A lear peak was observed using 6.4�1.3 nb�1 ofdata (Fig. 5). The peak was �tted using an un-binned maximum likelihood method; this yieldedan overall mean of 3.095�0.004 GeV, whih isin agreement with the PDG value for the J= mass [5℄ within statistial unertainty. This losemath is a onsequene of the work done with
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Figure 5. Invariant mass distribution of reon-struted J= ! �+�� andidates after vertexinguts. Same sign ombinations (open irles) aresuperimposed.osmi ray events and earlier ollisions to attaina good understanding of the ATLAS detetor.The signal resolution was 82 � 7 MeV, in linewith Monte Carlo expetations. The mass resolu-tion varies with the pseudorapidity of the muonsand this variation is in agreement with MonteCarlo within statistial unertainty. The proessof �nding the J= ! �+�� deay vertex, whihwill be required for all subsequent physis stud-ies on J= , was not found to a�et the measuredmass or its resolution beyond statistial uner-tainties. After all uts the number of observedJ= ! �+�� deays was 612�34, over a bak-ground of 332�9 andidates.5.2. Measurement of jet ross setionsThe inlusive jet and dijet ross setions havebeen measured using 17 nb�1 of 7 TeV ollisions[7℄. The measured ross setions extend up tojet pT of 500 GeV and dijet masses of 2 TeV.Leading logarithmi parton-shower Monte Carloprograms provide a reasonable desription of theenergy ow around the jets, and of the shapesof the ross setions. The measurements are welldesribed by �xed-order NLO perturbative QCDalulations orreted for non-perturbative e�ets(Fig. 6).
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Figure 6. Inlusive jet di�erential ross setionas a funtion of jet pT integrated over the regionjyj < 2:8 for jets identi�ed using the anti-kT al-gorithm with R = 0:6.5.3. Measurement of the ross setions forprodution of W and Z bosonsThe ross setion for W boson prodution inpp ollisions at ps = 7 TeV has been measuredusing leptoni deays to e� (Fig. 7(top)) and ��(Fig. 7(bottom)) [8℄. 118 W boson andidateswere observed in data orresponding to a total in-tegrated luminosity of 16.9 nb�1 for the W ! e�hannel, and 16.6 nb�1 for the W ! �� han-nel. The total inlusiveW boson prodution rosssetion times the leptoni branhing ratio wasmeasured to be (8.5 � 1.3(stat) � 0.7(syst) �0.9(lumi)) nb for theW ! e� hannel and (10.3�1.3(stat) �0.8(syst) �1.1(lumi)) nb for the W !�� hannel. This onstitutes the �rst W bosonross setion measurement by ATLAS and the re-sult obtained is in agreement with theoretial al-ulations based on NNLO QCD (Fig. 8(top)). Inaddition the expeted harge asymmetry betweenthe ross setion for W+ and W� boson produ-tion is experimentally on�rmed.The ross setion for Z boson prodution in ppollisions at ps = 7 TeV has also been measuredusing a somewhat larger data sample orrespond-

ing to approximately 225 nb�1 [9℄. In this samplea total of 125 andidate Z ! e+e� or Z ! �+��events were observed after all uts. The to-tal inlusive Z boson prodution ross setiontimes the harged leptoni branhing ratio wasmeasured to be [0.72 � 0.11(stat) � 0.10(syst)� 0.08(lumi)℄ nb for the Z ! e+e� hanneland [0.89 �0.10(stat) �0.07(syst) �0.10(lumi)℄nb for the Z ! �+�� hannel, resulting in aombined result of [0.83 �0.07(stat) �0.06(syst)�0.09(lumi)℄ nb all measured within the invari-ant mass window 66 < m`` < 116 GeV. Thisonstitutes the �rst Z boson ross setion mea-surement by ATLAS and the result obtained is inagreement with theoretial alulations based onNNLO QCD (Fig. 8(bottom)).6. CONCLUSIONSFirst performane and physis results from theATLAS detetor at the LHC have been presented.These results show that the ATLAS detetor isperforming extremely well, bene�ting from manyyears of preparation with test beams, osmi rayruns, and Monte Carlo studies. The results bodewell for future measurements and disoveries.REFERENCES1. The ATLAS Collaboration, JINST 3 (2008)S08003.2. L. Evans and P. Bryant, JINST 3 (2008)S08001.3. The ATLAS Collaboration, Phys. Lett. B 688(2010) 21 [arXiv:1003.3124℄.4. The ATLAS Collaboration, ATLAS-CONF-2010-0335. C. Amsler et al. [Partile Data Group℄, Phys.Lett. B 667 (2008) 1.6. The ATLAS Collaboration, ATLAS-CONF-2010-0457. The ATLAS Collaboration, ATLAS-CONF-2010-0508. The ATLAS Collaboration, ATLAS-CONF-2010-0519. The ATLAS Collaboration, ATLAS-CONF-2010-076
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Figure 7. Transverse mass of the lepton-EmissTsystem of seleted W boson andidate eventswithout any ut on EmissT , for eletron events(top) and muon events (bottom).
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Figure 8. Top: the measured values of �W �BR(W ! `�) for W+, W� and for their sum om-pared to the theoretial preditions based onNNLO QCD alulations. Bottom: the mea-sured values of �Z � BR (Z ! `+`�) where theeletron and muon hannels have been ombined,ompared to the theoretial preditions based onNNLO QCD alulations.


