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HIGGS PROSPECTS AT THE TEVATRON�Mihele PetteniFor the CDF and DØ CollaborationsImperial College of Siene, Tehnology and MediinePrine Consort Road, London SW7 2BZ, UKe-mail: mpetteni�fnal.gov(Reeived July 12, 2002)Searhing for the Higgs boson is one of the main physis aims for theCDF and DØ ollaborations at the Tevatron ollider and Run II shouldhave the sensitivity to over muh of the parameter spae favoured by ele-troweak �ts. The searh strategy at the Tevatron is highly onstrained bythe hadroni physis environment. For all the searhes the ability to triggeron the deay of heavy vetor bosons and aurate lepton identi�ation areessential. In the ase of a light Higgs (mass less then �135GeV) b-taggingis ruial in order to identify the Higgs. The Tevatron is urrently tak-ing data and results are presented from DØ and CDF whih highlight theability to identify the basi elements required for a suessful Higgs searh.PACS numbers: 14.80.Bn 1. IntrodutionThe searh for the Higgs boson is one of the fundamental quests in mod-ern partile physis and the Tevatron ollider at Fermilab is in a uniqueposition to ontribute, being the only aelerator urrently performing a di-ret searh. There are various limits on the Higgs mass from both theory andexperiment. The urrent experimental limits onstrain the Higgs mass tobe less than �195GeV at 95% on�dene limit from �2 �ts to eletro-weakdata and above �114GeV from the diret searh at LEP [4℄.2. Searh strategiesAt the Tevatron there are three primary prodution modes of interestfor the Standard Model as shown in Fig. 1. The dominant proess is gluon�gluon fusion. Roughly a fator of about 3 lower in ross-setion are the other� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3855)
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80 100 120 140 160 180 200Fig. 1. Higgs prodution ross-setion (left) and Higgs branhing ratios. Cross-setion for Higgs prodution at the Tevatron expressed in pb.two, assoiated prodution of Higgs and Z boson orW boson. The branhingratios for the Higgs are shown in Fig. 1; for a light Higgs (mass less then�135GeV) the deay is predominantly to bb. For a heavier Higgs the deayis mainly to W W. This segments the searh into two senarios. The deayto bb implies that the gluon�gluon fusion mehanism annot be exploiteddue to the large QCD dijet bakground. Hene one has to resort to thevetor boson as a handle on the prodution and use the b-jets in order toidentify the Higgs. For the heavier Higgs one an take advantage of thehigher gluon�gluon fusion ross-setion and reonstrut the Higgs from thedeay of the two vetor bosons.An e�etive Higgs searh at the Tevatron has to take into aount themethod of triggering the events as well as takle the ruial o�ine analysisaspets. At the trigger level the requirements are good lepton identi�ationand the ability to trigger on missing energy. Furthermore, on-line b-taggingis needed if one wants to use the hadroni deays of the Z and W for thelight Higgs prodution. Major o�ine issues for light Higgs prodution areb-tagging, whih is ruial to redue bakgrounds suh as Z=W produtionwith jets, as well as good dijet mass resolution in order to isolate the Higgssignal. Central to most hannels is aurate lepton reonstrution for theleptoni deays of the W and Z.3. Lessons from Run IThe CDF ollaboration performed a searh for the Standard Model Higgsboson in all the assoiated prodution hannels using the Run I data set [1℄.The results were expressed as an upper limit on Higgs boson produtionross-setion in this mode and were an order of magnitude above the Stan-dard Model preditions. CDF also observed Z ! bb using 110 pb�1 fromthe Run I data set [5℄. Observation of this deay hannel is important for



Higgs Prospets at the Tevatron 3857the Run II Higgs searh due to its similarity with the light Higgs deay.It is a proof of priniple, if one an see this deay then there is the poten-tial for deteting the Higgs via the bb hannel. This deay will also be usedto alibrate the jet energy sale for b-jets and the tuning and understandingof the di-b-jet mass resolution. In order to exploit these fators and ol-let an enrihed sample both Tevatron experiments have added seondaryvertex triggers. 4. Tevatron and detetor upgradesThe Tevatron and the DØ and CDF detetors have undergone majorupgrades in order to meet the Run II physis goals and to ope with thenew Tevatron environment. The main Tevatron upgrades have been aninrease in entre of mass energy from 1.8 to 1.96 TeV and an initial dereasein bunh spaing from 3500 to 396 ns. Eventually this will derease to132 ns. Furthermore, the instantaneous luminosity is set to inrease from0.16�1031 to 0.86�1032 m�2s�1 and eventually to 2�1032 m�2s�1. Afterthe �rst 2 fb�1 the instantaneous luminosity is planned to inrease again to5�1032 m�2s�1 whih will yield approximately 5 fb�1 per year.The DØ detetor [2℄ has had signi�ant upgrades to omponents relevantto Higgs searhes. Most notieably a 2 Tesla magneti �eld has been addedto take full advantage of the new Central Fibre Traker and the additionof the Silion Mirostrip Traker. The silion system onsists of six barrelsomposed of 4 layers of single and double sided silion. In addition thereare 16 physial disks for traking and b-tagging in the forward region. Thesystem is apable of 3D trak reonstrution and b-tagging using seondaryverties out to j�j < 3:0. A seondary vertex trigger, using informationfrom the barrels, will be operational toward the end of summer 2002. Themuon detetor has been upgraded to permit fast triggering on muons andhas a overage out to j�j < 2:0. Pre-showers have been added to improveeletron identi�ation and energy resolution.The CDF ollaboration [3℄ has replaed their silion system used inRun I. The new system onsists in 3 separate parts: layer 00 a single layerstrip plaed on the beam pipe, the SVX II onsisting of 3 barrels of 5 layersof double sided silion out to j�j < 1:0 and the ISL whih adds an extralayer in the entral and 2 layers between 1:0 < j�j < 2:0. The whole systemallows b-tagging from seondary verties and 3D trak reonstrution. Fur-thermore, the CDF Silion Vertex Traker (SVT) is operational and allowstriggering on displaed verties by trak �tting and pattern reognition inthe transverse plane. In order to inrease lepton aeptane CDF has in-reased their muon system by 50% to j�j of 1.5 and shower max strip wirehambers were added to inrease eletron purity in both the forward and theentral region. The plug alorimeter was extended to over 1:1 < j�j < 3:64.



3858 M. Petteni5. Reent resultsBoth detetors are urrently taking data and have already demonstratedthe apability to suessfully reonstrut the objets needed for the Higgssearh. Fig. 2 shows the distane of losest approah for traks assoiated
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Fig. 2. Plots of distane of losest approah for CDF (left) and DØ (right).with the primary vertex, the �gure from CDF plotted diretly from theSVT readout. Fig. 3 shows the apability for b-tagging, the CDF harmmeson mass peak was seleted and reonstruted using the information fromthe seondary vertex traker. The plot from DØ shows the signed impatparameter signi�ane, an exess of positive signed events is evident in thisb-enrihed sample. Lastly Fig. 4 shows reonstruted W and Z bosons fromthe two experiments.
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Fig. 4. Reonstrution of W and Z bosons from CDF and DØ .6. ProspetsThe best estimate for the sensitivity of Higgs searhes at the Tevatron isstill given by the results of the SUSY Higgs Workshop [1℄ shown in Fig. 5.The workshop used parametrised Monte Carlo, though jet and lepton iden-ti�ation was implemented at some level and extrapolations were made forthe expeted b-tagging e�ieny and dijet mass resolution based on Run Iexperiene. From the studies it is predited that with 2 fb�1 per experi-ment the Tevatron an exlude at a 95% on�dene level a Higgs mass upto 120GeV. Furthermore, with 15 fb�1 per experiment an exlusion up to180GeV is possible whih would eliminate most of the theoretially allowedregion if there is no physis beyond the Standard Model. With the sameluminosity a 3� disovery up to 130GeV and in the range 155�175GeV anbe obtained.

Fig. 5. Sensitivity of the Higgs searh from SUSY Higgs workshop.



3860 M. PetteniIn onlusion the Tevatron is in a unique position to ontribute to thesearh for the Higgs boson; both detetors are operational and are able totrigger on and reonstrut the basi elements needed for a suessful searh.A promising start to the quest for the Higgs boson at Fermilab during Run IIhas been made. REFERENCES[1℄ M. Carena et al. Report of the Tevatron Higgs Working Group,hep-ph/0010338.[2℄ DØ Collaboration, The DØ Upgrade: The Detetor and its Physis, Fermilab-Pub-96/357-E.[3℄ CDF Collaboration, The CDF II Detetor Tehnial Design Report, Fermilab-Pub-96/390-E.[4℄ G. Moortgat-Pik, talk at this onferene, not submitted to the proeedings.[5℄ T. Dorigo, (CDF Collaboration), hep-ex/9806022, talk presented atICHEP98.


