L3 Status Report

Simonetta Gentile CERN EP, Università “La Sapienza”(Roma)

LEPC 20 July 2000

Outline

• Fermion-pair pair production at √ s > 200 GeV • Test of QCD and α_s • W^+W^− production • ZZ production

• Searches for new particles: - Higgs bosons - SUSY particles - Exotica

• Conclusions

S. Gentile –LEPC July 20^{th} 2000

Data taking Status

Year 2000 Data sample

• 91 GeV : 3.26pb^{−1}

Data Acquisition Efficiency: ∼ 91%

S. Gentile –LEPC July 20^{th} 2000

Fermion-Pair Production

Fermion-Pair Production - √ s^′

S. Gentile –LEPC July 20^{th} 2000

Test of QCD Event Shapes (corrected) @ ⟨ √ s⟩ = 205.3GeV

Energy evolution of ⟨1 − T ⟩

S. Gentile –LEPC July 20^{th} 2000

Test of QCD

α_s(m_Z) = 0.1218 ± 0.0012 ± 0.0061

N_f = 5.1 ± 1.3 ± 1.9

S. Gentile –LEPC July 20^{th} 2000

W^+W^− production

S. Gentile –LEPC July 20^{th} 2000

e^+e^− → ZZ → ff̄f^′f̄^′ Cross Section

• We have measured e^+e^− → ZZ → ff̄f^′f̄^′

and e^+e^− → ZZ → bb̄ff̄.

• We are then sensitive to e^+e^− → HZ → bb̄ff̄

e^− e^{+ ⌢ ⌢ ⌢}⌣ ⌣ ⌣

⌢ ⌢ ⌢ ⌣ ⌣ ⌣ Z

⌢ ⌢ ⌢ ⌣ ⌣ ⌣ ⌣ ⌣ ⌣ Z

⌢ ⌢ ⌢ ⌢ ⌣ ⌣ ⌣

Z^∗ � � � e^+ � � � � e^− � � � � H � � � b � � � b̄ � � � � � � Z_�^�� f � � � f̄

S. Gentile –LEPC July 20^{th} 2000

NEW PARTICLE SEARCHES

S. Gentile –LEPC July 20^{th} 2000

Standard Model Higgs Searches

HZ → qqqq candidate ( √ s = 206.6 GeV)

mH = 109.9 GeV, event b tag = 2.6

S. Gentile –LEPC July 20^{th} 2000

Standard Model Higgs Searches

Combined mass plot of this year data after cut on b tag

reconstructed Higgs mass observed / expected events m_H ≥ 100 GeV Channel Data BG Signal Data BG Signal 107 GeV 107 GeV qqqq 9 9.9 2.8 4 2.9 2.0 qqνν 5 4.6 2.0 1 2.8 1.9 qqℓℓ 0 1.5 0.5 0 0.2 0.4 Sum 14 16.0 5.3 5 5.9 4.3

S. Gentile –LEPC July 20^{th} 2000

Standard Model Higgs Searches

Four jet channel HZ → qqqq Mass, b tag and discriminating variable distribution

S. Gentile –LEPC July 20^{th} 2000

Standard Model Higgs Searches

No signal observed → limits set at 95% CL

Observed: mH > 107.6 GeV median expected: mH > 108.5 GeV

S. Gentile –LEPC July 20^{th} 2000

IMPORTANTE

MSSM Higgs Searches

Four jet channel hA → bbbb

m_h + m_A ≥ 160 GeV Data BG Signal Data BG Signal 90 GeV 90 GeV 9 7.9 2.9 3 3.5 2.1 MSSM high tan β limit:

m_h > 87 GeV (expected 87 GeV) m_A > 87 GeV (expected 87 GeV)

S. Gentile –LEPC July 20^{th} 2000

Charged Higgs Searches

Searches for Charged Higgs Bosons H± → cs, τ ν

Higgs candidate masses (this year data,^∫ Ldt ≈ 92.1pb−1)

cscs csτ ν

τ ντ ν

S. Gentile –LEPC July 20^{th} 2000

Standard Susy Searches

• At √ s > 202 GeV searches in the following channels are performed: • χ̃^±_1 , χ̃^0_1

• ẽ, μ̃, τ̃ , t̃, b̃

• γ+missing energy, γγ+missing energy:

•Basic assumptions:

R-parity conservation: pair production of S-particles

and Lightest S-particle (LSP) χ̃^0_1 stable and invisible

• Sleptons: e^+e^− → ℓ̃ℓ̃ → ℓℓχ̃^0_1χ̃^0_1

2 leptons, E_{miss}

• Squarks: e^+e^− → q̃q̃ → qq̄χ̃^0_1χ̃^0_1

2 jets, E_{miss}

• Charginos: e^+e^− → χ̃^+_1 χ̃^−_1 → W^∗W^∗χ̃^0_1χ̃^0_1 E_{miss} and :4 jets, or 2 jets and 1 lepton,or 2 leptons

ΔM = (MSparticle − MLSP )

Most important parameter for all analyses

S. Gentile –LEPC July 20^{th} 2000

Standard Susy Searches • 30 selections for Charginos, Neutralinos, Sleptons

Neutralinos √ s = 202 − 208 GeV,^∫ L dt = 56.7pb^{−1} √ s > 205.5 GeV,^∫ L dt = 14.0pb^{−1} (high energy sample)

Low ΔM Medium ΔM High ΔM .OR. N_{data} N_{exp} N_{data} N_{exp} N_{data} N_{exp} N_{data} N_{exp} χ̃^0_2 11 13.3 1 3.5 0 1.2 12 17.4 χ̃^0_2 4 3.3 0 0.9 0 0.3 4 4.3

N^{Exp}_{χ̃}0_2 ∼ 28 N^{Exp}_{χ̃}0_2 ∼ 7

Charginos √ s = 202 − 208 GeV,^∫ L dt = 84.3pb^{−1} √ s > 205.5 GeV,^∫ L dt = 28.0pb^{−1} (high energy sample)

Low ΔM Medium ΔM High ΔM .OR. N_{data} N_{exp} N_{data} N_{exp} N_{data} N_{exp} N_{data} N_{exp} χ̃^±_1 20 16.7 17 10.5 9 13.8 44 37.4 χ̃^±_1 7 5.4 3 3.4 3 4.6 13 12.4

N^{Exp}_{χ̃}±_1 ∼ 42 N^{Exp}_{χ̃}±_1 ∼ 14

No excess respect to SM predictions

• Enough^∫ L dt for χ̃^±_1 exclusions

S. Gentile –LEPC July 20^{th} 2000

New Chargino mass limit

• M_{χ̃}±_1 > 102.7 GeV

for large s-neutrino masses

• Very small s-neutrino masses are indirectly excluded by s-lepton exclusions (in particular selectrons)

S. Gentile –LEPC July 20^{th} 2000

Standard Susy Searches √ s ≈ 205 GeV,^∫ L dt = 84.6pb^{−1}

Low ΔM Medium ΔM High ΔM .OR. N_{data} N_{exp} N_{data} N_{exp} N_{data} N_{exp} N_{data} N_{exp} ẽ 9 9.9 0 4.3 5 9.2 14 20.4 μ̃ 17 13.6 6 5.4 14 12.8 33 27.5 τ̃ 76 66.4 21 21.6 17 12.5 89 76.6

N^{exp}_{ẽ,μ̃,τ̃} ∼ 4 − 10 smuons staus

S. Gentile –LEPC July 20^{th} 2000

Squarks

At √ s ∼ 205GeV^∫ L dt = 49.3pb^{−1} • Scalar top

e^+e^− → t̃_1¯t̃_1 → cχ̃^0_1 c̄χ̃^0_1 =⇒ 2jets + E_{miss} e^+e^− → t̃_1¯t̃_1 → bℓ^+ν̃ b̄ℓ^−ν̃ =⇒ 2b-jets + 2ℓ + E_{miss} • Scalar bottom e^+e^− → b̃_1¯b̃_1 → bχ̃^0_1 b̄χ̃^0_1 =⇒ 2b-jets + E_{miss}

Channel Vlow ΔM Low ΔM Medium ΔM High ΔM OR Data N_{MC} Data N_{MC} Data N_{MC} Data N_{MC} Data N_{MC} t̃_1 → cχ̃^0_1 21 14.2 0 2.12 3 2.00 4 3.03 28 21.1 t̃_1 → bℓν̃ 10 8.11 5 2.52 1 0.20 - - 16 10.60 t̃_1 → bτ ν̃ 4 4.98 2 4.08 1 0.91 - - 7 9.39 b̃_1 → bχ̃^0_1 13 9.93 1 1.138 0 0.34 0 0.33 14 11.74

No significant excess with respect to SM

S. Gentile –LEPC July 20^{th} 2000

Single and Multiphoton events

γ(γ) + missing energy

Standard Model Process e^+e^− → νν̄γ(γ) In the GMSB scenario, with G̃ LSP, the possible decay channels are : • e^+e^− → χ̃^0_1G̃ → G̃G̃γ • e^+e^− → χ̃^0_1χ̃^0_1 → G̃G̃γγ √ s > 202 GeV (θ ≥ 14 deg)

Rule out SUSY interpretation of CDF eeγγ event

S. Gentile –LEPC July 20^{th} 2000

γ + missing energy √ s = 202 − 208 GeV,^∫ L dt = 90.7pb^{−1}

This year’s data confirm continue to show a slight disagree-

ment in the shape of the differential cross section. √ s = 192 − 208 GeV,^∫ L dt = 323pb^{−1}

SINGLE-ELECTRON

ẽRẽL → (e)eχ̃01χ̃01

0 GeV ≤ M_{ẽR} − M_{χ̃}0_1 ≤ 3 GeV M_{ẽR} + M_{ẽL} ≤ √ s ≃ 200 GeV

RESULTS at √ s = 192 to 209 GeV √ s Hard + soft Single-electron Total N_{Data} N_{Expec} N_{Data} N_{Expec} N_{Data} N_{Expec} 192 GeV 1 0.4 2 1.8 3 2.2 196 GeV 1 1.0 7 6.0 8 7.0 200 GeV 1 0.9 9 6.4 10 7.3 202 GeV 3 0.6 5 2.8 8 3.4 205-209 GeV 1 0.9 8 7.0 9 7.9 All √ s 7 3.8 31 24.0 38 27.8

4 experiments combined : N_{data} =132,N_{MC} = 134

S. Gentile –LEPC July 20^{th} 2000

New Heavy Leptons

Search for new Unstable Neutral Heavy Leptons. L = 96 pb^{−1}

Channel Data Background e^+e^− → L^0L^0 → eWeW 2 2.1 e^+e^− → L^0L^0 → μWμW 1 0.6 e^+e^− → L^0L^0 → τ Wτ W 20 26.5

No signal - good agreement between the number of candidates and expected background

Search for Stable Charged Heavy Leptons

Two highly ionising tracks are searched for No signal =⇒ Mass > 102.4 GeV

S. Gentile –LEPC July 20^{th} 2000

Excited Leptons

Search for Pair Production of Excited Leptons. L = 90 pb^{−1}

Signal Data Bkg Signal Data Bkg e^∗e^∗ → eeγγ 0 0.3 ν^∗_e ν^∗_e → eeWW 0 0.1 μ^∗μ^∗ → μμγγ 0 0.2 ν^∗_μν^∗_μ → μμWW 0 0.3 τ^∗τ^∗ → τ τ γγ 0 0.1 ν^∗_τ ν^∗_τ → τ τ WW 1311 1255 ℓ^∗ℓ^∗ → ννWW 1311 1255 ν^∗ν^∗ → ννγγ 1 0.7 e^∗e^∗ → eγνW 3 2.6 ν^∗_e ν^∗_e → νγeW μ^∗μ^∗ → μγνW 1 1.3 ν^∗_μν^∗_μ → νγμW 2 2.3 τ^∗τ^∗ → τ γνW 15 13 ν^∗_τ ν^∗_τ → νγτ W

No signal =⇒ Mass limits are set

Excited Lepton 95% CL Mass Limit (GeV) Coupling f = f^′ f = −f^′ Coup. Indep.

e^∗ 102.5 95.9 95.7 μ^∗ 102.5 95.9 95.9 τ^∗ 102.4 95.9 94.9 ν^∗_e 101.5 102.1 101.3 ν^∗_μ 101.8 102.1 101.3 ν^∗_τ 93.5 101.9 92.7

From single production searches, limits are derived on the coupling constant |f|/Λ

S. Gentile –LEPC July 20^{th} 2000

Excited Electrons Candidate Candidate to e^∗e^∗ production at √ s = 204GeV

S. Gentile –LEPC July 20^{th} 2000

The K^0_sK^0_s Mass Spectrum

Four regions of interest:

• f_2(1270) − a_2(1320) destructive interference • Clear f^′_2(1525) signal • Clear enhancement in the 1750 MeV region • No signal in the ξ(2230) region

S. Gentile –LEPC July 20^{th} 2000

Conclusions and Running request

L3 has collected ∼ 100 pb−1 in 2000 no significant excess

• L3 strongly supports running in weeks 38 and 39, “LEP reserve” • supports running in 2*2 mode as soon as possible in order to collect more luminosity at 208 GeV

S. Gentile –LEPC July 20^{th} 2000