Limits at LEP at �s=130-136 GeVPaolo GiacomelliUCR¥Introduction¥Supersymmetric particles¥Heavy Leptons¥Excited Leptons¥ConclusionsWhat I will not treat (see other talks at this conf.):4-jet final states4-fermion processesXXXIst Rencontres de MoriondQCD and Hadronic Interactions29/3/96

Limits at LEP 1.5 - P. Giacomelli - UCRIntroduction¥T h r e e w e e k s o f r u n n i n g t i m e i n November 1995 (LEP 1.5)¥H i g h e s t e n e r g y a v a i l a b l e a t a n e +e- collider, �s = 130, 136 and 140 GeV¥T o t a l i n t e g r a t e d L u m i n o s i t y 5 . 1 - 5 . 7 p b -1 (per experiment)¥Good opportunity to extend to a new frontier a lot of Searches¥Event topologies that could originate from New Physics signals¥Isolated Leptons (particle id.)¥Photons (calorimetry)¥Acoplanar Jets (tracking, calorimetry)¥Missing Energy (hermeticity)2

Limits at LEP 1.5 - P. Giacomelli - UCRIntroduction¥Backgrounds for Searches¥Great reduction compared to LEP 1¥s (e+e- fi qqg) ~ 300 pb¥s (e+e- fi llg) ~ 90 pb¥Four fermion processes, small cross section but difficult to eliminate¥Two photon processes gg fi qq, ll large cross-section (s ~ 40 nb) but can be greatly reduced¥LEP 2 backgrounds (WW, ZZ) still small¥s (e+e- fi W+W-) ~ 0.2 pb3----

Limits at LEP 1.5 - P. Giacomelli - UCRSUSY4In SUSY models all "normal" particles are accompanied by their supersymmetric partners, whose spin differs by 1/2. A new multiplicative quantum number, R, is generally assumed to be conserved:R = (-1)2S+3B+LConservation of R implies that SUSY particles must be produced in pairs, that a sparticle decays down to the lightest SUSY particle (LSP) and that the LSP is stable.

Limits at LEP 1.5 - P. Giacomelli - UCRCharginos5Mixtures of W– e H–~~

Production

Decays

TopologiesAcoplanar jets and missing energyJet and isolated lepton plus missing energyAcoplanar leptons and missing energy-D e s t r u c t i v e i n t e r f e r e n c e b e t w e e n s a n d t - c h a n n e l diagrams

Large cross-sections at LEP 1.5, s ~5-18 pb

Limits at LEP 1.5 - P. Giacomelli - UCRCharginos (model ind. limits)6

Kin. limit(�s = 136 GeV)

mc– = mc0

Limits at LEP 1.5 - P. Giacomelli - UCR Charginos7tan b = 1.5m0 = 1 TeVtan b = 1.5m0 lighttan b = 35m0 = 1 TeVtan b = 35m0 light

Chargino mass limits (GeV)ALEPH 67.8DELPHI 66.8L3 65.0OPAL 65.4For a heavy n and (mc+ - mc0) > 10 GeV~

Limits at LEP 1.5 - P. Giacomelli - UCRCharginos8

Limits at LEP 1.5 - P. Giacomelli - UCRNeutralinos9

Production

Decays

TopologiesAcoplanar jets and missing energyJet and isolated lepton plus missing energyAcoplanar leptons and missing energysingle photon eventsLarge cross-sections at LEP 1.5, could be s ~ 7 pb

Limits at LEP 1.5 - P. Giacomelli - UCRNeutralinos (model ind. limits)1 0

Limits at LEP 1.5 - P. Giacomelli - UCRNeutralinos (model ind. limits)1 1For tan b > 1.5mc0 > 21.4 GeVmc0 > 47.5 GeV12For any tan b valuemc0 > 12.8 GeV1

Limits at LEP 1.5 - P. Giacomelli - UCRNeutralinos1 2

Limits at LEP 1.5 - P. Giacomelli - UCR Sparticles13Chargino mass limitsChargino and Neutralino mass limits as a function of M2

Limits at LEP 1.5 - P. Giacomelli - UCRSleptons 1 4

ProductionTwo acoplanar leptons of the same family and missing energy

Topology

DecaysIf R-parity is conserved : pair production Assume that is the LSP.If R-parity is conserved: does not decay c1o~c1o~e+e- fi l- ~l+~At LEP 1.5 the expected the cross-section are:s (e+e- fi e+e-) ~ 0.4 - 3 pbs (e+e- fi m+m-) ~ 0.1 - 0.5 pbs (e+e- fi t+t-) ~ 0.1 - 0.5 pb~~~~~~

Limits at LEP 1.5 - P. Giacomelli - UCR Sleptons15 m = 1 TeVtan b = 2.0

Obtained summing eReR and eLeR cross-sections~~~~s (e+e- fi eR+eR-) only~~me > ~ 55 GeVR~For tan b > 2 and |m| > 200 GeV

Limits at LEP 1.5 - P. Giacomelli - UCRSparticles1 6

Limits at LEP 1.5 - P. Giacomelli - UCRScalar top quark1 7

Decays

TopologyTwo acoplanar jets and missing energy (1st decay)If Chargino is heavy then only the first decay type can be consideredt1 = tL cos qmix + tR sin qmix~~~t1 could be the lightest charged SUSY particle~

Limits at LEP 1.5 - P. Giacomelli - UCRStop1 8LEP 1.5 excluded

Limits at LEP 1.5 - P. Giacomelli - UCRHeavy Leptons1 9

Production

Z0, ge+e-L-L+e+e- fi L+ L-

DecaymL < mnLmL > mnLnL stable

TopologyTwo acoplanar jets and missing energy, in the second case there is less visible energy.decays through mixingf’L-W*-nl (ne, nm, nt)f

mixingf’L-W*-fnL

Limits at LEP 1.5 - P. Giacomelli - UCRNeutral Heavy Leptons2 0

Decay

Production

Z0, ge+e-L0L0-e+e- fi L0 L0-

TopologyIsolated leptons plus jets.L0W*-l+ff’

Limits at LEP 1.5 - P. Giacomelli - UCRHeavy Leptons2 1 mL0 > 57.9 GeV (Dirac)mL0 > 47.2 GeV (Majorana)mL+ > 62.9 GeV

Limits at LEP 1.5 - P. Giacomelli - UCR2 2 2 8 The existence of three families of quarks and leptons is a strong motivation for substructures.In composite models, quarks, leptons and gauge bosons are composite with an associated energy scale L.At Ec.m. << L, one could get manifestations of these new constituents through anomalous decay modes, anomalous electric and magnetic multipoles, excited fermions, leptoquarks and contact terms.Excited leptons can be pair produced in e+e- collisions, e+e-fil*l* or singly produced, e+e-fill*.Excited Leptons

Production

Decay

Topologieseegg, mmgg, ttgg, eeWW, nngg (pair production)eeg, mmg, ttg, neW and nng (single production)

Limits at LEP 1.5 - P. Giacomelli - UCRExcited Leptons2 3 me* > 65.1 GeVmm* > 65.4 GeVmt* > 64.7 GeVmn* > 57.3 GeV

Limits on coupling fi compositeness scale, l.

Limits at LEP 1.5 - P. Giacomelli - UCRConclusions2 4 ¥No new particles yet! fi Limits improved¥SUSY¥mc– > 67.8 GeV¥mc0 > 12.8 GeV ¥Heavy Leptons¥mL+ > 62.9 GeV¥mL0 > 57.9 GeV (Dirac)¥mL0 > 47.2 GeV (Majorana)¥Compositeness¥me* > 65.1 GeV¥mm* > 65.4 GeV¥mt* > 64.7 GeV¥mn* > 57.3 GeV¥At LEP 2 all these searches will be significantly improved in a few weeks of running time1