EPS, Jerusalem PA8 August 20, 1997

The cross-sections for WW and four-fermion production at LEP2

Christoph Burgard CERN, PPE

Content:

Introduction Neutral Current 4f Production Single W WW Summary

This talk concentrates on LEP 2 and some LEP 1.5 results

Neutral Current 4f production:

Main contributions (above Z^0 pole): • ee in final state: Bremsstrahlung • other final states: Conversion (radiat. return)

Topologies

“low multiplicity” ℓℓℓ0ℓ0 4 leptons large E_{vis} (in contrast to 2γ bgd)

“high multiplicity” ℓℓqq̄ 2 leptons + 2 jets large E_{vis} most serious bgd: qqγ

“missing momentum ” νν̄qq̄ large missing momentum

not pointing along the beam pipe

“4-jet ” qq̄qq̄ QCD dominated, not considered here (but surely in searches talks) → but see WW charged current later this talk

e^+e^−μ^+μ^− candidate @ 172 GeV

Delphi: preliminary Opal: ℓℓℓℓ preliminary

Delphi: preliminary Opal: ℓℓℓℓ preliminary

Delphi: preliminary

Neutral Current 4 fermion production

Overall good agreement between experiment and SM

NC 4f bgd for searches ok

(within present statistics)

Single W production

(a) (b) (c)

• 4f final state: e�ν̄_eff̄0 • Define signal phase-space region where (a) dominates !

• e.g. L3:

| cos θ_e�| > 0.997 min(E_f , E¯_f0) > 15 GeV | cos θ_e+| < 0.75, for e�ν̄_ee^+ν_e

e^−ν̄_eW^+ → e^−ν̄_e(qq̄)

• 2 acoplanar jets

large transverse missing momentum • main background sources:

qq̄, two-photon, other 4 fermion • “nothing” in forward detector

M_{jj} = 82.1GeV e^−ν̄_eW^+ → e^−ν̄_e(ℓ^+ν_ℓ)

• 1 isolated energetic lepton, “nothing” else • main background sources:

ℓ^+ℓ�(γ), two-photon, other 4 fermion • “nothing” in forward detector

L3 E_e� = 40.5 GeV

e�ν̄_eqq̄ e�ν̄_eℓ^+ν̄_ℓ comb. L3 OPAL L3 OPAL N^{data} 10 4 2 2 N^{sig}_{exp} 2 1.3 1 0.8 N^{bgd}_{exp} 6.2 1.1 0.5 1.2 ϵ^{sig} 41% 37% 53% 50%

161 GeV, 172 GeV combined

Limits on photonic TGC (SM: λ_γ = 0, κ_γ = 1)

(more in A.Webers talk on TGC) L3 -3.6 < λ_γ < 3.6 -2.6 < κ_γ < 2.5 OPAL preliminary 3.1 < λ_γ < 3.1 2.6 < κ_γ < 2.6

WW cross section and BRs

WW production, lowest order: “CC03”

Interference with other 4f diagrams contributing to same final state !

• use CC03 Monte Carlo for efficiencies • compare CC03 Monte Carlo

with complete 4f Monte Carlo:

ϵ^{4f}_{MC} · σ^{4f}_{MC}/ϵ^{CC03} vs. σ^{CC03}_{MC}

• Correct measured cross section

ℓ^−ν_ℓℓ^+ν_ℓ ≈ 11%

2 acoplanar, energetic leptons missing momentum not along the beam pipe

qq̄ℓν_ℓ ≈ 44%

2 well-separated jets 1 energetic, isolated lepton

qq̄qq̄ ≈ 46%

4 jets of similar energies large qq̄ bgd (dominantly 2 or 3-jet like) e.g. Delphi:

D =^{Emin}_{Emax} ·^{θmin}_{(Emin−Emax)}

Sizeable background in qq̄qq̄ channel

→ extract N^{sig} from • fit to

DELPHI: D distribution L3: neural network output distribution • assignement of signal weights to events using:

ALEPH: multidimensional analysis OPAL: likelihood output

(this transparency was handwritten and nicer - but practically untexable.)

N^i_{obs} = N^i_{bgd} + L · σ_{WW} · ϵ_{ij} · (Br^i · Br^j · (2 − δ_{ij}))

Test of Unitarity

In SM and (some) possible extensions:

Br(W → qq̄) 1 − Br(W → qq̄)

= (1 + α_s π ) X_{i=u,c; j=d,s,b |Vij|2}

From LEP combined Br(W → qq̄):

X_{i=u,c; j=d,s,b |Vij|2 = 1.97 ± 0.15}

c.f. 2.0 in SM

Using measured values of the other |V_{ij}| (w.o. assuming unitarity):

|V_{cs}| = 0.96 ± 0.08

(c.f. from D decays: |V_{cs}| = 1.01 ± 0.18)

there are also direct determinations at LEP2 → P. Perez talk

• clear evidence for (ZWW) TGC • from sensitivity to M_W at 161 GeV (LEP combined):

M_W = 80.40 ± 0.22 GeV

(to be combined with results from direct reconstruction → D. Fassouliotis talk)

Summary

Neutral Cuurent 4f: within expectations Single W: seen

→ limits on photonic TGC’s WW pairs:

σ_{W W} :

• nice rise with √ s • sensitive to M_W and TGC’s BR: • within expectations • test of unitarity of hadronic sector