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A SEARCH FOR NEW PHYSICSIN THE HIGH MASS DILEPTON SPECTRUM AT CDF�Traey PrattFor the CDF CollaborationPartile Physis Department, Oxford University, Oxford, UK(Reeived July 1, 2002)The high mass dilepton data an be used in searhes for a variety ofnew physis proesses. This paper summarises some of the limits obtainedin Run I at the Tevatron and the possible Run II reahes. A �rst glimpseat the initial dilepton data from Collider Detetor at Fermilab's (CDF)Run II is shown and the potential apability of the Time-of-Flight detetorfor osmi ray rejetion is disussed.PACS numbers: 14.80.�jThe high mass dilepton1 data an be used in searhes for a variety ofnew physis proesses. Hunting for new physis using the high mass dilep-ton spetrum has the advantages that there is a low bakground at highinvariant mass and that the dileptons provide a distintive signature. Dilep-ton events are identi�ed as those whih ontain two isolated harged leptonswhih both have a high transverse momentum and originate from a singleinteration point. The main Standard Model ontribution to this hannel isfrom the Drell�Yan proess. New physis searhes are made by looking fordeviations from the Standard Model ontributions at high invariant mass.Possible physis searhes using this hannel inlude new gauge bosons (Z'),extra dimensions, quark�lepton ompositeness and Tehniolor. The dilep-ton hannel was utilised in Run I at the Tevatron to obtain limits, and it isproposed to be used in Run II. An initial study of the Run II CDF dileptondata has been made.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.1 Throughout this paper dileptons is used to refer to eletrons and muons, not taus.(3837)



3838 T. PrattThe Collider Detetor at Fermilab (CDF) is one of two general purposedetetors (the other is D0) on the Tevatron Ring at Fermilab, Illinois, USA.The Tevatron and the two detetors have reently been upgraded followingRun I (1992�1995). The Tevatron is a proton anti-proton ollider, and sinethe upgrade is operating at a entre of mass energy of 1.96GeV (omparedto 1.8TeV in Run I). The CDF detetor onsists of a 1.4 Tesla superondut-ing solenoid surrounded by projetive tower geometry alorimeters and outermuon hambers, enlosing a traking detetor system. The traking systemhas silion vertex detetors at its entre enased by a drift hamber (CentralOuter Traker, COT) [1℄. Upgrades to the detetor inlude the replaementof the silion traker, entral traking hamber and plug alorimeter, the in-trodution of a Time-of-Flight (ToF) detetor and an extension of the muondetetor system. The ToF detetor is loated just outside the COT andhas an expeted time resolution of approximately 100 ps. The upgrades aresigni�ant for dilepton searhes. In partiular, in Run II there will be,therefore, an inreased eletron and muon aeptane due to the new plugalorimeter and the extended muon detetor overage. In addition, the ToFdetetor will enable better rejetion of the osmi ray bakground in thedimuon spetrum, and will be, therefore, a powerful tool for Run II.In Run I, the CDF ollaboration examined the dilepton invariant massspetrum. Using 110 pb�1 of data olleted, a limit was assertained on theprodution ross setion times branhing ratio of a Z' boson deaying intodileptons as a funtion of Z' mass [2℄. For MZ0 > 600GeV/2, the upperlimit was 40 fb at the 95 % Con�dene Level (C.L.). A lower mass limitof 690 GeV/2 was set for the Z' with Standard Model oupling. Perform-ing a simple extrapolation from Run I to 2 fb�1, assuming the e�ienyremains onstant, if no andidate events in the high mass region are foundthen the predited Z' mass reah ould be extended to 1000GeV/2 withps = 2:0TeV [1℄.Limits were also set on Extra Dimensional models, in partiular, theArkani-Hamed�Dimopoulos�Dvali model (ADD) [3, 4℄ and the Randall andSundrum (RS) model [5℄. These models alter both the invariant mass spe-trum of the dileptons and their angular distribution, due to the exhangeof a spin two virtual graviton. In Run I, the 95 % C.L. for the ADDmodel e�etive Plank sale lower limit was determined to be in the range0.9�1.5 TeV; this is predited to be extended to 1.3�2.5 TeV in Run IIa and1.7�3.5 TeV at the LHC, where the range orresponds to the number of ex-tra dimensions n = 7�2 [6, 7℄. Compati�ation sale (R�1) limits for theRS model were also set using Run I dilepton data. At the 95 % C.L. theompati�ation sale was found to be less than 0.9 using Run I data and itis predited that this an be extended to 1.2 in Run II and up to 6.7 at theLHC [8℄.



A Searh for New Physis in the High Mass . . . 3839In addition, quark�lepton ompositeness was searhed for in Run Iin both the dimuon and dieletron hannels, by looking for an exess ofdileptons ompared to the Drell�Yan predition. Run Ib dieletron data setthe limits on the ompositeness sale to be �� > 3:8TeV and �+ > 2:6TeV,where the +=� orresponds to the onstrutive/destrutive interferene withthe dominant up-quark ontribution to the ross-setion. In Run II, it isexpeted to be able to explore up to limits of approximately 5 TeV with2 fb�1 [9℄. Limits were also set on Tehniolor, using 120 pb�1 Run I D0dieletron data. No signal was found above the expeted bakground andonsequently at the 95 % on�dene level they ruled out the possibility of thetehni-rho or tehni-omega having masses < 225GeV/2 in the ase whereboth the mass of the tehni-rho and the tehni-pion are less than the massof the W boson [10℄.In new physis searhes, it is essential to be able to determine the dilep-ton bakground events. In partiular, removal of the osmi ray bakgroundis important in the high mass dimuon samples. CDF Run I methods in-luded bak-to-bak (in eta and phi) uts and hadron TDC timing uts.However, the former method beomes ine�ient for the signals for whihwe are searhing; for example dimuons originating from very high mass Z'partiles tend to be produed very bak-to-bak. For this reason, the useof timing uts is preferred to rejet osmi ray bakground. In Run II theintrodution of the ToF detetor will enable timing to be used for osmiray rejetion and may remove the need for a bak-to-bak ut.In an initial study made looking at the some of the �rst Run II dileptondata, it was found that even using un-alibrated ToF information (the ToFhas sine been alibrated), the time di�erene between muons in the up-per half of the detetor and the lower ould disriminate osmi ray muonsfrom interation muons. Whereas a osmi ray muon passes through thedetetor from the top to the bottom, dimuons from an interation eventoriginate from near the enter of the detetor. It was found that ToF timedi�erene for a osmi muons peaked around �9 ns, whereas for both inter-ation muons and eletrons, the time di�erene peaked, as expeted, around0 ns, as shown in Fig. 1 on the right and left, respetively. Consequently,in analysing dimuon data, a ut whih required the time di�erene betweenthe upper and lower muon to be greater than �5 ns was found to be verye�etive at rejeting osmi rays, while keeping interation dimuons. In fu-ture, in addition to the time di�erene between two muons being used torejet osmi ray events, timing uts may be applied to the individual muonlegs. Cosmi ray muons are in general out of time with the window of timeexpeted for a muon from a p�p interation. This will improve osmi rayrejetion, partiularly in the ase where only one leg of muon trak (upperor lower) is reonstruted. TheToFdetetor will be, therefore, very useful inosmi-ray rejetion in Run II.
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Fig. 1. Time di�erene of the lepton in the upper and that in the lower half of theToF detetor; for eletrons (left) from a Z ! e+e� sample and for muons (right)from a osmi-ray sample.Using the ToF ut outlined above for the dimuon sample along with stan-dard eletron and muon uts, some of the �rst Run II data has been studied.Fig. 2 shows the invariant mass distribution for dieletrons (left) with in-tegrated luminosity of 5.5 pb�1 and dimuons (right) with 7 pb�1. MoreRun II data has sine been olleted and these plots are being ontinuouslyupdated.In onlusion, dileptons o�er a very interesting hannel to searh for a va-riety of new physis proesses. CDF has started taking data in Run II anddieletron and dimuon invariant mass plots using this data have been shown.
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Fig. 2. Invariant mass distribution for dieletrons (left) and dimuons (right).



A Searh for New Physis in the High Mass . . . 3841Improvements made to the Run II detetor mean that there is a larger ele-tron and muon aeptane than in Run I and new bakground rejetiontehniques are being developed. With more Run II data, we hope to �ndnew physis or to improve present limits set, using the dilepton data.Thanks to my olleagues: Kaori Maeshima, Fermilab, for all the guid-ane; Koji Ikado, Waseda University, who has been studying dieletrons andwhose results are presented here; Todd Hu�man, Oxford University, for hissupport, and all of the muon o�ine reonstrution group for their work andadvie. I would also like to thank the Fermilab sta� and the tehnial sta�sof the partiipating institutions for their vital ontributions.REFERENCES[1℄ The CDF II Detetor Tehnial Design Report, FERMILAB-Pub-96/390-E,November 1996.[2℄ F. Abe et al., (CDF Collaboration), Phys. Rev. Lett. 79, 2192 (1997).[3℄ N. Arkani-Hamed et al., Phys. Lett. B429, 263 (1998).[4℄ I. Antoniadis et al., Phys. Lett. B436, 257 (1998).[5℄ L. Randall, R. Sundrum, Phys. Rev. Lett. 83, 3370 (1999); Phys. Rev. Lett.83, 4690 (1999).[6℄ A. Gupta, N. Mondal, S. Rayhaudhuri, hep-ph/9904234.[7℄ K. Cheung, G. Landsberg, Phys. Rev. D62, 076003 (2000).[8℄ I. Antoniadis, K. Benakli, M. Quiros, Phys. Lett. B460, 176 (1999).[9℄ F. Abe et al., (CDF Collaboration), Phys. Rev. Lett. 79, 2198 (1997).[10℄ V. Abazov et al., (D0 Collaboration), Phys. Rev. Lett. 87, 061802 (2001).


