1Searches for Charginos, Neutralinos and Higgs bosonsP. GiacomelliINFN BolognaI n t e r n a t i o n a l W o r k s h o p o n Quantum Effects in the MSSMBarcelonaSeptember 9-13, 1997¥Introduction¥Charginos¥Neutralinos¥SM Higgs¥MSSM Higgs¥A few other SUSY searches¥Conclusions

SUSY results - P. Giacomelli - INFN BolognaIntroduction: LEP 2 Data¥Highest energy available at an e+e- collider¥Good opportunity to extend to a new frontier a lot of Searches¥Aim for 1997: �s = 181-4 GeV- L = 30-50 pb-1¥1998 and beyond: 300-400 pb-1 at �s = 192 GeV2

SUSY results - P. Giacomelli - INFN Bologna3Introduction: Hermetic Detectors¥Event topologies that could originate from SUSY signals:¥Isolated Leptons (particle identification)¥Acoplanar Jets (tracking, calorimetry)¥Missing Energy (hermeticity)Good efficiency and resolution for the hadronic system... and for g ’s and leptons: hermeticity for missing energy __

SUSY results - P. Giacomelli - INFN BolognaBackground for Searches4Now Sizeable s (e+e- fi W+W-) ~ 3-15 pb s (e+e- fi ZZ) ~ 1 pb ¥Four fermion processes, small cross section but difficult to eliminate¥Two photon processes gg fi qq, ll have large cross-section (s ~ 40 nb) but their contribution to the background can be greatly reduced--s (e+e- fi qqg) ~ 300 pbGreat reduction compared to LEP 1-s (e+e- fi llg) ~ 90 pb-

SUSY results - P. Giacomelli - INFN BolognaIntroduction: SUSY5In SUSY models all "normal" particles are accompanied by their supersymmetric partners, whose spin differ by 1/2.

sfermions gauginos

SUSY results - P. Giacomelli - INFN BolognaIntroduction: MSSM6MSSMmA, tan bm, At, Ab Higgs /stop /sbottom mixing parametersM1, M2, M3ml , ml , mn Slepton, sneutrino masses mq , mq Squark massesConstrained MSSMUnifies M1, M2, M3 at the GUT scale fi m1/2M2 ~ 0.8 m1/2 M1 ~ 0.5 M2 M3 ~ 3.5 M2SUGRA Unifies also l, n, q masses at the GUT scale fi m0ml = m02 + 0.15 m1/2 + 0.23 mZ2 |cos 2 b|ml ,n = m02 + 0.52 m1/2 + 0.27 mZ2 |cos 2 b|mq = m02 + 6 m1/2 + a Æ mZ2 |cos 2 b|~~~~~~LRRRLL~L~~~~~

SUSY results - P. Giacomelli - INFN Bologna7Introduction: MSSM¥MSSM : Minimal Supersymmetric Standard Model¥ Masses, s and BR from MSSM parameters:¥M2: SU(2) gaugino mass at electroweak scales ¥tan b: ratio of VEV of Higgs doublets <V2>/<V1>¥m: superpotential Higgsino mass¥m0: common mass of squarks and sleptons at the GUT scale (universal scalar mass)¥A0: trilinear scalar Yukawa-like coupling ¥R-Parity Conservation:¥A new multiplicative quantum number, Rp, is generally assumed to be conserved: Rp = (-1) 2S+3B+L¥fi SUSY particles must be produced in pairs ¥fi a sparticle decays down to the LSP ¥fi the LSP is stable fi Missing energy. ¥ Usually:LSP = c01~

SUSY results - P. Giacomelli - INFN Bologna8Introduction: MSSM ¥R-Parity Violation: ¥fi Single sparticles can be produced ¥fi LSP can decay¥fi Lightest sfermion can be the LSP ¥45 extra l couplings from explicit breaking of Rp interactions parametrized in superpotential as:W = lijk LiL LjL EkR + l’ijk LiL QjL DkR (+ l"ijk UiR DjR DkR )LiL and QiL are the SU(2)-doublet lepton and quark superfields and EiR , UiR and DiR are the singlet superfields

SUSY results - P. Giacomelli - INFN Bologna

Production Charginos9Mixtures of W– e H–~~

Decays

TopologiesAcoplanar jets and missing energyJets and isolated lepton plus missing energyAcoplanar leptons and missing energyDestructive interference between s and t-channel diagrams

Large cross-sections at LEP 2, s ~5-18 pb-

BackgroundsSmall Dm gg processesMedium DmLarge Dm WWExperimentally the most important variable is:Dm = mc+ - mc~~011

SUSY results - P. Giacomelli - INFN BolognaNeutralinos10

Production

Decays

TopologiesAcoplanar jets and missing energyJets and isolated lepton plus missing energyAcoplanar leptons and missing energySingle photon eventsLarge cross-sections at LEP 2, up to s ~ 7 pb

SUSY results - P. Giacomelli - INFN Bologna11Dm < 0.1 GeVSearch for long-lived heavy charged particles

TopologyTwo back-to-back tracks w i t h v e r y l a r g e dE/dx (ALEPH and DELPHI). DELPHI also used their RICH data.N o s i g n a l o b s e r v e d fi limit on pair-production c r o s s - s e c t i o n o f l o n g - l i v e d c h a r g e d particles.

mc + > 89 GeV1~

SUSY results - P. Giacomelli - INFN Bologna12 0.1 < Dm < 0.5 GeVSearch for kinks in central detectors

TopologyH e a v y p a r t i c l e s d e c a y i n g i n t h e c e n t r a l t r a c k i n g d e t e c t o r s . Reconstruct the primary and secondary track with a K i n k between them.No excess of events observed over expected SM backgrounds fi limit on quasi-stable chargino mass vs. DmDELPHI �s = 172 GeV

mc + (GeV)1~

406080chargino ~ gaugino-liketan b = 10Rf = 2

chargino ~ higgsino-likechargino ~ gaugino-likemn = 500 GeV~mc + + 1 GeV < mn < mc + + 2 GeV~~~11

Dm (GeV)MSSM limits with no gaugino mass unificationany tan bany Rf M1/M2 = Rf * 5/3 tan2 qW

SUSY results - P. Giacomelli - INFN Bologna 0.5 < Dm < 3.0 GeV13Search for ISR photons + XSignal events would have very small visible energy. Require an ISR photon with energy > 4 GeV and pt > 2 GeV.Detection efficiency very low (few percent)1 event observed, 2 expected from SM backgroundsDELPHI 130 £ �s £ 172 GeVmc + > 53.4 (54.4) GeV for Dm = 0.5 (3) GeVfor a gaugino-like chargino and mn > 500 GeV~~1

SUSY results - P. Giacomelli - INFN BolognaChargino Results (topological searches)14Luminosity (pb-1)ObservedeventsExpected(from SMbackgrounds)ALEPH21.51511.0DELPHI19.7

20.322.2Results (�s £ 172 GeV)ObservedeventsExpectedeventsALEPH2consistentDELPHI33.5

SUSY results - P. Giacomelli - INFN BolognaLarge Dm: Topological searches1595% CL cross-section limits Includes �s=183 GeV data

SUSY results - P. Giacomelli - INFN BolognaNeutralino cross-section limits16

SUSY results - P. Giacomelli - INFN Bologna17 Chargino mass limits in the MSSM

SUSY results - P. Giacomelli - INFN Bologna18 m0 ‡ 1 TeV

Limits in the (M2, m) plane

LEP 2

SUSY results - P. Giacomelli - INFN Bologna19 Chargino mass limits

SUSY results - P. Giacomelli - INFN BolognaChargino mass limits20Preliminary results with 183 GeV data(Dm ‡ 10 GeV)ALEPH91 GeVDELPHI90.2 GeVL390.9 GeVOPAL88.8 GeV

SUSY results - P. Giacomelli - INFN Bologna21Neutralino lower mass limitsDm (GeV)Small mnLarge mn(m0 > 500

65.7 GeV91 GeV583.5 GeV83.5 GeV356.8 GeV66.9 GeV154.5 GeV54.5 GeV0.553.4 GeV

mass unification)Li

table neutralinos~~Limi

able neutralinos:Dm (GeV)

71.8GeV84.5GeV184.5GeV84.5GeVc10 fi Gg~~~~Include data at �s=183 GeV

SUSY results - P. Giacomelli - INFN Bologna22 LSP lower mass limitsCombine results from c–1, c01 and slepton searchesmc0 >

2 5 GeV for m0>500 GeV1

SUSY results - P. Giacomelli - INFN BolognaLSP lower mass limits23

2.41c10 mass lower limit for any tan b and any m0:mc0 > 14 GeV ~~

SUSY results - P. Giacomelli - INFN BolognaHiggs boson (SM) at LEP 224Up to mH = 80 GeV the search for the Higgs boson can be considered as relatively simple. One can take advantage of the fact that the produced Z0 is real.The event topologies of Higgs events would be similar to the ones studied at LEP 1.The final sensitivity of LEP 2 will be mH~ �s - 100 GeV.ProductionAt LEP 2 the dominant mechanism for the production of a Higgs boson, H0, is the e-e+Zo*Zoff’f_f’_HoBjorken - Ioffe - Khoze processThe difference with respect to LEP 1 is that the exchanged Z0 i s n o w virtual a n d t h a t t h e H i g g s b o s o n i s p r o d u c e d i n association with a real Z0 .

SUSY results - P. Giacomelli - INFN BolognaHiggs event topologies25 ttqq, qqttTaus + jetsBr ~ 9%Det. efficiency ~ 25%____HnnAcoplanar jetsBr ~ 20%Det. efficiency ~ 50%_HllIsolated leptons and jetsBr ~ 6%Det. efficiency ~ 70%_HqqFour jetsBr ~ 65%Det. efficiency ~ 25%b-tagging of the two Higgs jets is crucial (BR Hfibb ~86%)__llnnttjetjetjetjetjetjetjetjetjetjet

SUSY results - P. Giacomelli - INFN Bologna26Example of a Higgs candidate eventOPAL Hqq candidate(mH = 75.6)_

SUSY results - P. Giacomelli - INFN Bologna27 L3 Hnn candidatemjet-jet = 81 GeV_Example of a Higgs candidate event�s = 183 GeV

SUSY results - P. Giacomelli - INFN BolognaSM Higgs boson lower mass limits28

SUSY results - P. Giacomelli - INFN BolognaSM Higgs boson search results29OverallefficiencyObservedeventsExpectedevents95% CL lower limitALEPH29%

66.2L340%3338.269.5OPAL31%23.669.4

Results of searches for the SM Higgs boson at �s = 161 - 172 GeVNext: fi combine the data from the four LEP experiments

SUSY results - P. Giacomelli - INFN BolognaSM Higgs boson lower mass limits30 LEP combined limit(�s £ 172 GeV)Preliminary

SUSY results - P. Giacomelli - INFN BolognaSM Higgs boson lower mass limits31Luminosity(�s = 183 GeV)Observed

00.6274.0DELPHI5.60-73.0L36.143.3672.0

SUSY results - P. Giacomelli - INFN BolognaIn the MSSM there are constraints which reduce the number of free parameters to 2, we will use (tan b, mho).At the tree level these relations hold:mho < mZo < mHomho < mAomW– < mH–1 loop corrections modify these relations (depending on mt and mˇ):mho < mZo + e (mt, mˇ)As an example if mt = 170 GeV mh < 125 GeVHiggs bosons (MSSM)32

f2f2af2b=f1f

SUSY results - P. Giacomelli - INFN Bologna

Topologies¤ Same as for the SM H0¤ Invisible decays (h fi c 0 c 0, Z fi l+l-, qq)¤ mA < mA/2 fi h fi AA~MSSM Higgs bosons33 sin2 (b-a)cos2(b-a)

e+e- fi hZe+e- fi hAComplementary

Topologies

Dominates for Large tan bDominates for Small tan bhA fi t+t-bb(two b-jets and two taus)_hA fi bbbb(four jets, all with b-flavour)if mh > 2mA hA fi bbbbbb__---_11~

SUSY results - P. Giacomelli - INFN Bologna34mh, mA limits