Salvatore Mele

INFN/Napoli CERN/EP

Recent Results from the L3 Experiment

http://l3www.cern.ch/analysis/latestresults.html

• The Data • Two Fermions • Two W • Two (or more) Photons • One Photon and One Z • Two Z • Just one W • . . . in the Extra Dimensions

QFTHEP’99 XIV International Workshop on High Energy Physics and Quantum Field Theory Moscow, Russia, 27^{th} May – 2^{nd} June 1999

Recent Results from the L3 Experiment Salvatore Mele

The Data

High resolution for Photon, Electron, Muons.

Hermeticity for jet reconstruction.

Focus on LEP 2 data, above the Z pole.

Year √ s ( GeV)^∫ Ldt (pb^{−1}) 1995 130–140 5+5 The Warm-Up Run 1996 161–172 10+10 W Pairs, W Mass 1997 183 55 Z Pairs 1998 189 175 High statistic measurements

Recent Results from the L3 Experiment Salvatore Mele

Bhabha Scattering

Radiative Muon Pair Production

Radiative Tau Pair Production

Quark Pair Production

Effective Centre–of–Mass Energy

Hadron Cross Section

Lepton Cross Sections/Asymmetries

R–Parity Violating Sneutrino Two interesting experimental manifestation of the most general R–Parity violating superpotential: WR̸ = λijkLiLLjLEkR One dominating Yukawa coupling λ121 or λ131:

Two dominating Yukawa coupling λ121 or λ232:

R–Parity Violating Sneutrino

Resonant modifications to cross sections and asymmetries

(m_{~ντ} = 163 GeV Γ_{~ντ} = 1 GeV λ_{121} = λ_{232} = 0.08)

Improvement of lower energy limits from Γ(τ → eνν̄)/Γ(μ → eνν̄)

Contact Interactions

General formalism to describe New Physics from an higher scale.

L = 1 1 + δef ∑ i,j=L,R ηij g2 Λ2ij

(eiγμei)(fjγμfj)

g2/4π = 1 and ηij depends on the model.

LL RR LR RL VV AA LL+RR LR+RL LL-RR η_{LL} ±1 0 0 0 ±1 ±1 ±1 0 ±1 η_{RR} 0 ±1 0 0 ±1 ±1 ±1 0 ±1 η_{LR} 0 0 ±1 0 ±1 ±1 0 ±1 0 η_{LR} 0 0 0 ±1 ±1 ±1 0 ±1 0

Contact Interactions dσ dΩ (s, t) = dσ^{SM} dΩ (s, t)+ 1 Λ^2 α_{Interference}(s, t)+ 1 Λ^4 β_{New Physics}(s, t)

Limits at 95% Confidence Level

Recent Results from the L3 Experiment Salvatore Mele

W Pair Production

iLW W V = gW W V [ gV1W †μνW μV ν − W †μVνW μν + κV W †μWνV μν + λV m2W W †ρνW μν V ρν + C/ + P/ + C/P/ + dim > 6]

V = γ, Z, W_{μν} = ∂_μW_ν − ∂_νW_μ, V_{μν} = ∂_μV_ν − ∂_νV_μ

In the Standard Model:

gZ1 = gγ1 = κZ = κγ = 1; λγ = λZ = 0 gW W Z = e cot θW ; gW W γ = e

Assuming λγ = λZ, κγ = 1 + cot2 θW (κZ − gZ1 ), the triple boson vertex and possible deviations are parametrized by κγ, gZ1 and λγ.

e+e− → W+W− → qq̄′eν e+e− → W+W− → qq̄′q′′q̄′′′ e+e− → W+W− → μνeν

W Pair Selection

W Pair Production Cross Section

Impressive evidence of the non-Abelian structure of the Standard Model

Triple Gauge Couplings

Study of total and differential cross sections and polarisation

g^Z_1 = 0.88^{+0.14}_{−0.12} ± 0.08 (68% C.L.); (0.62–1.22) (95% C.L.) κ_γ = 0.98^{+0.07}_{−0.07} ± 0.03 (68% C.L.); (0.85–1.12) (95% C.L.) λ_γ = 0.00^{+0.07}_{−0.07} ± 0.03 (68% C.L.); (-0.13–0.15) (95% C.L.)

Recent Results from the L3 Experiment Salvatore Mele

Two Photons

Three Photons

Five Photons

A fifth photon escaped down the beam pipe.

Six Photons

The sixth photon escaped down the beam pipe.

Multiphoton Cross Section

QED Deviations dσ dΩ = dσ^{QED} dΩ 1 + s^2 α 1 Λ^4

(1 − cos^2 θ) dσ dΩ = dσ^{QED} dΩ 1 + s^3 32πα^2 1 Λ^{′6}

1 − cos^2 θ 1 + cos^2 θ

Cut-offs Λ_± =^{( α}_2^{) 14} Λ

95% C.L. limits on QED deviations, excited electron mass:

Λ > 1319 GeV Λ_+ > 324 GeV Λ_− > 287 GeV Λ^′ > 704 GeV m_e∗ > 326 GeV (non-chiral) m_e∗ > 254 GeV (chiral)

Recent Results from the L3 Experiment Salvatore Mele

Neutral Boson Couplings

ΓαβμZγV (q1, q2, P ) = s − m2V m2Z × [hV1 (qμ2 gαβ − qα2 gμβ + hV2 m2Z P α(P · q2gμβ − qμ2 gαβ)

+hV3 ϵμαβρq2ρ − hV4 m2Z P αϵμβρσPρq2σ]

hV1 , hV2 0 in Standard Model, P-even. hV3 , hV4 ∼ 10−4 in Standard Model, CP-even.

e+e− → γZ → γνν̄ e+e− → γZ → γqq̄

Photon Recoil Mass

e^+e^− → γZ → γνν̄

e^+e^− → γZ → γqq̄

Limits on Anomalous Couplings

At 95% Confidence Level −0.08 < h^Z_1 < 0.21 −0.09 < h^γ_1 < 0.08 −0.12 < h^Z_2 < 0.06 −0.05 < h^γ_2 < 0.07 −0.15 < h^Z_3 < 0.15 −0.09 < h^γ_3 < 0.07 −0.09 < h^Z_4 < 0.10 −0.05 < h^γ_4 < 0.06

lim_{s→∞} h^V_i = 0 =⇒ h^V_i =^{hVi0} (1+s/Λ^2)^j i = 1, 3 → j = 3; i = 2, 4 → j = 4

Recent Results from the L3 Experiment Salvatore Mele

Z Pair Production

Pay attention to:

And also to:

The First Event at √ s = 183 GeV e+e− → Z → μ+μ−qq̄

ZZ Selection

ZZ Cross Section

√ s Measured σ(ZZ) SM σ(ZZ) 183 GeV 0.30+0.22−0.16+0.07−0.03pb 0.25pb 189 GeV 0.68+0.15−0.14pb 0.62pb

Triple Neutral Gauge Boson Vertex?

ΓαβμZZV (q1, q2, P ) = s − m2V m2Z × [if V4 (P αgμβ + P βgμα) + if V5 ϵμαβρ(q1 − q2)ρ] f V4 conserves CP; f V5 violates CP At 95% C.L.:

-1.7 < fZ4 < 1.8 -4.7 < fZ5 < 4.7 -1.0 < fγ4 < 1.1 -2.8 < fγ5 < 2.9

Recent Results from the L3 Experiment Salvatore Mele

A Discovery in 1996?

• The Higgs in e+e− → ZH → νν̄bb̄? No bcontent!

• Supersymmetry? Incompatible visible mass clustering!

The Single Lepton Events

Single W Selection

Single W Cross Section

Sensitive to WWγ couplings.

κ_γ = 1.07^{+0.15}_{−0.17} (68% C.L.); (0.58–1.22) (95% C.L.) λ_γ = 0.30^{+0.68}_{−0.19} (68% C.L.); (-0.64–0.61) (95% C.L.)

Recent Results from the L3 Experiment Salvatore Mele

An Experimentalist Understanding

Hierarchy problem:

MP l ∼ 1018 GeV ≫ Mew ∼ 103 GeV • Standard Model successfully tested at 1/Mew • Gravity far from being tested at 1/MP l • Proposed solutions (Susy...) searched for and not found at 1/Mew Arkani-Hamed et al. [PLB 544 (1998) 263]: • The scale of Gravity, MS, is of order Mew • There are n extra dimensions of size R such that M 2P l ∼ RnM n+2S • As soon as n > 2 the experimental tests of Gravity can not exclude this • Spin 2 gravitons propagate in these extra dimensions interacting with Standard Model particles in our four ones

Real Graviton Production

Virtual Graviton Effects

dσ dΩ (s, t) = dσ^{SM} dΩ (s, t)+ λ M^4_S α_{Interf.}(s, t)+ λ^2 M^8_S β_{Low Scale Gravity}(s, t)

λ = −1 M_s > 630 GeV λ = +1 M_s > 770 GeV

Conclusions

• The Fermions and Boson sectors of the Standard Model have been extensively studied at LEP 2 • No deviation from the expectation are observed in the statistically increasing precision of the measurements • The amount of investigated physics topics is found in excess with respect to the expectations • Fast reactions to new theoretical idea • Another LEP run started, and single beams at 100 GeV were circulated !

The opening table for future talks on LEP Results:

Year √ s ( GeV)^∫ Ldt (pb^{−1}) 1995 130–140 5+5 The Warm-Up Run 1996 161–172 10+10 W Pairs, W Mass 1997 183 55 Z Pairs 1998 189 175 High statistic measurements 1999 192-196 200 Observation of the Higgs Boson 2000 200 200 Discovery of Supersymmetry