Received: July 27, 1999, Accepted: Ocotber 12, 1999

HYPER VERSION

Limit on parity violating couplings between massive vector bosons

Peter H. Fisher and Yoshi Uchida

Massachussets Institute of Technology Cambridge MA 02139, USA E-mail: fisherp@mit.edu, Yoshi.Uchida@cern.ch

Abstract: The most general Lorentz invariant triple boson coupling between W and Z bosons allows a parity violating coupling. Based on results from the LEP measurements of the coupling Δg^Z_1 , we obtain constraints on the parity violating coupling z_Z .

Keywords: e+-e- Experiments.

Contents

1. Introduction 1

2. Framework 1

3. Outlook 4

1. Introduction

From the precision measurements at LEP I, we know the Z bosons produced by e^+e^− annihilation have an average polarization of 13%.^1 Interestingly, for W pair production through the s channel, e^+e^− → Z/γ → W^+W^−, the standard model implies that the coupling of the Z to the W pair does not depend on the Z helicity. Although this is a well known feature of the standard model, it seems odd that the massive gauge bosons, which violate parity conservation in their interactions with fermions, do not violate parity when they interact with each other.

Setting the standard model aside, this note intends to investigate the possible magnitude of parity violation in the WWZ interaction based on current measurements. The next section gives the general framework and the result. The conclusions are given in section 3.

2. Framework

At LEP II energies, W pair production proceeds primarily through the three CC03 diagrams: s channel via γ or Z and t channel neutrino exchange. Non-resonant diagrams also contribute, but are not significant for this analysis. In the following, the e^− and e^+ helicities are given by σ/2 and −σ/2, and those of the W^− and W^+ by λ and λ, as in [1]. Since the γ or Z in the s channel is spin 1, the W pair in the final state must be in a |λ − λ| = 0, 1 helicity state. Helicity states with |λ − λ| = 2 may only be produced from the t channel process. Also, the t channel couples only to the σ = −1 initial state owing to the V−A interaction at each eνW vertex.

1Helicity conservation at high energy implies the Z bosons are produced in the m = ±1 helicity state or, using the older expression, with 100% alignment.

Considering the s channel processes as quantum mechanical rotations in the interaction plane, the amplitudes of each of the W pair helicity states are

M_{Z/γ} (λ − λ = −1) = A_− ( 1 − cos θ 2 ) , (2.1)

M_{Z/γ} (λ − λ = 0) = A_0 ( sin θ √ 2 ) , (2.2)

M_{Z/γ} (λ − λ = +1) = A_+ ( 1 + cos θ 2 ) , (2.3)

where θ denotes the angle of the W^− with the electron beam. Parity violation occurs in the WWZ interaction if amplitude (2.1) is not equal to amplitude (2.3), i.e. if A_+ ≠ A_−, there is a forward-backward asymmetry in the e^+e^− → Z/γ → W^+W^− production angular distribution A_{fb} = (N_{cos θ>0} −N_{cos θ<0})/N_{total}. The direct determination of A_{fb} is complicated by the interference with the strongly forward peaked t channel contribution.

The differential cross section for the full e^+e^− → W^+W^− process is given in [1, eq. 12]: dσ d cos θ = πα^2β 4s { Σ_{σ=±} [ sin^2θ 2 ( |M_{σ,++}|^2 + |M_{σ,00}|^2 + |M_{σ,−−}|^2 ) + + (1 + σ cos θ)^2 4 ( |M_{σ,+0}|^2 + |M_{σ,0−}|^2 ) + + (1 − σ cos θ)^2 4 ( |M_{σ,0+}|^2 + |M_{σ,−0}|^2 ) ] + + 1 2 (1 + cos^2θ) sin^2θ 2 sin^4θ_W 1 (1 + β^2 − 2β cos θ)^2 } , where β is the W^± velocity. The first term in the sum corresponds to the |λ − λ| = 0 final state, the second and third to the |λ − λ| = ±1 state, and the last term to the |λ − λ| = ±2 state to which only the t channel process contributes. The matrix elements M_{σ,λ,λ} can be written as a sum of the contributions from the different processes, M_{σ,λ,λ} = M_ν + M_Z + M_γ , see [1, eq. 11 and table 2]. Parity violation shows up as a factor g_5β in the (λ, λ) = (+, 0) and (0, −) helicity states and −g_5β in the (0, +) and (−, 0) states. A non-zero value of g_5β, or equivalently z_Z [2, 3] modifies the forward backward asymmetry, so a measurement of the forward-backward asymmetry measures the parity violation, assuming the other WWZ couplings are as predicted by the standard model.

In fact, such a forward-backward asymmetry measurement has already been conducted, albeit indirectly. Measurements of the WWZ Δg^Z_1 coupling have been carried out by fitting to the total and differential cross sections for W boson pair production [4, 5, 6, 7] within the SU(2) × U(1) framework.

Figure 1: Dependence of A_{fb} on Δg^Z_1 , for centre-of-mass collision energies 183 and 189 GeV. The bands represent the combined LEP experiment measurements of Δg^Z_1 and their errors, for the two energies, as in table 1.

Figure 2: Dependence of A_{fb} on the parity violating coupling z_Z at collision energies of 183 and 189 GeV. The bands represent the central values and errors for A_{fb} derived from the z_Z dependence of A_{fb} as in fig. 1.

The dependence of the forward- Δg^Z_1

ALEPH 183 GeV [4] 0.23^{+0.17}_{−0.18}

ALEPH 189 GeV [4] −0.02^{+0.06}_{−0.07}

DELPHI 183 GeV [5] 0.04^{+0.14}_{−0.14}

DELPHI 189 GeV [6] 0.00^{+0.07}_{−0.08}

L3 189 GeV [7] −0.02^{+0.07}_{−0.07}

Combination 183 GeV 0.12 ± 0.12

Combination 189 GeV −0.02 ± 0.05

Table 1: LEP experiment measurements of Δg^Z_1 for which separate results are available for the different centre-of-mass energies. The combinations shown are weighted means of these results, with error correlations estimated using the error subdivisions reported by ALEPH. The calculations in the present analysis are not sensitive to possible further refinements in the combination procedure.

backward asymmetry on Δg^Z_1 as predicted by the GENTLE [3] program are shown in fig. 1. The uncertainties in the input values for the program have been taken into consideration. Combining this with the results for Δg^Z_1 from the LEP experiments as given in table 1, one can obtain the following values for the forward-backward asymmetries, assuming standard model couplings for e^+e^− → W^+W^− except for the variation of Δg^Z_1 : A_{fb(183 GeV)} = 0.554^{+0.024}_{−0.028} and A_{fb(189 GeV)} = 0.566^{+0.012}_{−0.013}.

Likewise GENTLE is used to calculate the forward-backward asymmetry as a function of the parity violating coupling z_Z , with the other couplings assuming their standard model values, fig. 2. The result for A_{fb} from Δg^Z_1 can be combined with fig. 2 to determine z_Z . The resulting − log L curves are shown in fig. 3 for 183 and 189 GeV, respectively.

Figure 3: z_Z log likelihood distribution for 183 and 189 GeV centre of mass energies.

Figure 4: Combined z_Z log likelihood distribution from 183 and 189 GeV data.

The distributions obtained from measurements at the two collision centre-of-mass energies are combined, to obtain our final result shown in fig. 4. There exist two ambiguous solutions at −0.69 ± 0.21 and −0.04 ± 0.21, and we obtain at 95% CL, −1.01 < z_Z < 0.25.

3. Outlook

The first limits on z_Z from measurements of Δg^Z_1 at LEP II have been presented. It appears there could be significant parity violation in the WWZ coupling, and z_Z should be included in future fits of the triple gauge couplings. The method outlined here would improve by a factor two by using the final LEP II limit on Δg^Z_1 . Further improvements are possible by a direct fit of the data to measure z_Z , as is currently carried out for Δg^Z_1 . This should be able to resolve between the two possible values that are allowed by z_Z according to this analysis.

References

[1] G. Gounaris et al., Triple gauge boson couplings, in Physics at LEP II G. Altarelli and F. Zwirner eds., CERN-96-01 Vol. 1, and references therein.

[2] M. Bilenky, J.L. Kneur, F.M. Renard and D. Schildknecht, Trilinear couplings among the electroweak vector bosons and their determination at LEP200, Nucl. Phys. B 409 (1993) 22.

[3] D. Bardin J. Biebel, D. Lehner, A. Leike, A. Olchevski and T. Riemann, GEN- TLE/4fan v. 2.0: a program for the semianalytic calculation of predictions for the process e^+e^− → 4f, Comput. Phys. Commun. 104 (1997) 161 [hep-ph/9612409].

[4] ALEPH collaboration, Measurement of triple gauge-boson couplings at 183– 189 GeV, contributed paper to 1999 Winter Conferences, ALEPH 99-019 CONF 99-014.

[5] Measurement of trilinear gauge boson couplings WWV ( V =γ, Z) in e^+e^− collisions at 183 GeV, DELPHI contributed paper to ICHEP98, DELPHI 98-94 CONF 162.

[6] Measurement of trilinear gauge boson couplings WWV ( V =γ, Z) in e^+e^− collisions at 189 GeV, 11 March 1999, DELPHI contributed paper to Moriond 1999, DELPHI 99-36 CONF 235.

[7] Measurement of the Triple Gauge Couplings of the W Boson at LEP, L3 contributed paper to EPS-HEP99, L3 Note 2303.