The properties of the charged weak boson W^±

Peter Molnár

Humboldt Universität zu Berlin & L3 Collaboration Lake Louise Winter Institute February 14-20, 1998

Outline

The W-mass in the electroweak theory The Triple-Gauge Boson Vertex W-mass measurement in W-pair production Coupling measurements in

e^+e^− → W eν_e

e^+e^− → W^+W^−

Summary

The W-mass in the electroweak theory

Standard Model Calculations with LEP 1, SLAC and TEVATRON data

The W-mass in the electroweak theory

• LEP 2: luminosity of 250 pb^{−1}/experiment collected at 161-189 GeV • 3500 WW, 100 Weν_e events

The W-production

The Three Boson Vertex

E1 = eg^γ_1

M2 = e 2M_W ( g^γ_1 + κ_γ + λ_γ

)_{SM} = e M_W E4 = − e M^2_W

(κ_γ − λ_γ )^{SM}= − e M^2_W

g^Z_1^{SM}= 1

κ_Z^{SM}= 1

λ_Z^{SM}= 0

The Three Boson Vertex

Extending the Lagrangian to an effective Lagrangian (purely phenomenological) including C/P and CP violating terms gives 14 free parameter. constraints :

no C,CP violation λ̃_V = κ̃_V = g^V_4 = g^V_5 = 0

electromagnetic gauge invariance g^γ_1 = 1

gauge invariance λ_γ = λ_Z Δκ_Z = Δκ_γ tan^2 θ_W + Δg^Z_1

remaining parameter set :

(Δg^Z_1 , Δκ_γ , λ_γ )

The kinematic fit (qqμν)

Problem : Improvement of the mass resolution Solution : Four-momentum conservation Equality of the two W masses

The pairing (qqqq)

Problem : Three possibilities to form two Ws out of four jets Solution : Equality of the two W masses

W-mass measurement

Fit method

• Maximum Likelihood fit to the M_{inv}

distribution

• Computation of^{dσ}_{dMinv} (M_W ) with reweighting of MC samples

w_i =

M^2(M_W ) M^2(M^{MC}_W )

The W-mass

Color Reconnection and Bose Einstein effect mass measurement :

⟨N^{qqqq}_{ch} ⟩ − 2⟨N^{qqlν}_{ch} ⟩ = −1.0 ± 0.9

The W-mass at LEP

The coupling measurement

Fit of the total cross section

ln L_{tot} = ∑ channels ln { μ_i(κ_γ )^{N datai} e^{−μi(κγ )}

N^{data}_i ! }

μ_i(κ_γ ) = L(σ(κ_γ )ϵ(κ_γ ) + σ_{bckg})

Fit of the differential cross section as for the mass e^+e^− → W eν at √ s = 183 GeV e^+e^− → W eν at √ s = 130 − 183 GeV

Fit of σ(eνW → lν, qq^′) and^1_{σ(eνW →qq′)}^{dσ(eνW →qq′)}_{d(NNout)}

e^+e^− → W^+W^−

Independent variables of WW-events

Number of independent variables :

four four-momentum vectors 4 × 4 four momentum conservation - 4 masses of final state particles - 4 W-masses - 2 assume azimuthal independence - 1 number of independent parameters = 5 Set of independent variables :

Ω = cos θ_W ,cos θ_1,ϕ_1,cos θ_2,ϕ_2 e^+e^− → W^+W^− at √ s = 183 GeV

qqlν_l qqqq

e^+e^− → W^+W^− at √ s = 183 GeV

qqlν_l

Coupling measurement

Couplings at LEP

Couplings at LEP

Summary

Non abelian gauge theories require γ/Z-WW vertex experimental proof of the existence of the ZWW and the γWW vertex

• g^Z_1 = 1.00 ± 0.08 • κ_γ = 1.13 ± 0.14 • λ_γ = −0.03 ± 0.07 LEP 1 and LEP 2 W-mass are compatible !

• M_W = 80.36 ± 0.09 GeV At the end of LEP II :

• error of Δg^Z_1 , λ_γ < 0.04 • error on M_W < 0.04 GeV

Outlook

• short term : TEVATRON Run II

> 20× luminosity ⇒

|Δκ_γ | < 0.1, |λ_γ | < 0.03

• long term :

– LHC |Δκ_γ | < 0.04, |Δκ_Z | < 0.07, |λ_γ | < 0.0025, |λ_Z | < 0.005

– LC ?

The Three Boson Vertex

Extending the Lagrangian to an effective Lagrangian (purely phenomenological) including C/P and CP violating terms ı L^{W W V} eff g_{W W V}

= g^V_1 V^μ ( W^−_{μν} W^{+ν} − W^+_{μν} W^{−ν} )

+ κ_V W^+_μ W^−_ν V^{μν} + λ_V m^2_W

V^{μν} W^{+ρ}_ν W^−_{ρμ}

+ ıg^V_5 ϵ_{μνρσ} (( ∂^ρW^{−μ} ) W^{+ν} − W^{−μ} ( ∂^ρW^{+ν} )) V^σ

+ ıg^V_4 W^−_μ W^+_ν (∂^μV^ν + ∂^ν V^μ) − κ̃_V 2 W^−_μ W^+_ν ϵ^{μνρσ}V_{ρσ}

− λ̃_V 2m^2_W

W^−_{ρμ}W^{+μ}_ν ϵ^{νραβ}V_{αβ}

The Three Boson Vertex

L^{TGC}_{d=6} = ıg^′ α_{Bϕ} m^2_W

(D_μΦ)^†B^{μν} (D_ν Φ)

+ ıg α_{W ϕ} m^2_W

(D_μΦ)^†⃗τ · ⃗Ŵ^{μν} (D_ν Φ) + g α_W 6m^2_W

⃗Ŵ^μ_ν · ( ⃗Ŵ^ν_ρ × ⃗Ŵ^ρ_μ)

Ŵ_{μν} = W_{μν} − gW_μ × W_ν

Reweighting method

e^+e^− → W^+W^− at √ s = 183 GeV

Couplings at LEP

Couplings at LHC

Couplings at LC