Measurements of the selfcoupling of electroweak bosons at LEP II

Peter Molnťar

Humboldt Universitĺat zu Berlin & L3 Collaboration

Workshop on Physics and Detectors for Future

e^+e^− Linear Colliders

September 26-29, 1998

Outline

The Triple-Gauge Boson Vertex

Coupling measurements in

e^+e^− → ννγ e^+e^− → W eν_e e^+e^− → W^+W^−

Summary

The Three Boson Vertex

e+e�_{→ W} +_W �_e+_e�_{→ W eνe e}+_e�_{→ ννγ}

Not discussed :

Search :

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

SM : g1γ = 1, κγ = 1, λγ = 0

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 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

The Three Boson Vertex

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 Three Boson Vertex

observable consequences :

• total cross section is coupling dependent σ = σ(T GC) • differential cross section is coupling dependent^{dσ}_{dΩ} =^{dσ}_{dΩ} (T GC) • dependence on TGC constants is quadratic

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 (e.g. e^+e^− → ννγ)

ln L_{diff} = ∑ events ln { 1 σ(κ_γ ) · d^2σ dE_γ d cos θ_γ (κ_γ ) }

Reweighting method

e^+e� ! ννγ

e+e�_{→ ννγ at}^√_{s = 183 GeV}

e^+e� ! ννγ

Fit of σ(ννγ) and^1_{σ(ννγ)}^{d2σ}_{dEγ d cos Θγ}

e^+e� ! W eν

electron is lost in beam pipe → single W seen in the detector 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}0_)^{dσ(eνW →qq} 0_)

d(NN_{out})

e^+e� ! W^+W � ! qqeν_e

Ef�ciency : 80% Purity : 90% N^{LEP2}_{events}(161 − 183 GeV) = 550

e^+e� ! W^+W � ! qqμν_μ

Ef�ciency : 80% Purity : 90% N^{LEP2}_{events}(161 − 183 GeV) = 550

e^+e� ! W^+W � ! qqqq