arXiv:hep-ph/0401068 v1 11 Jan 2004

Contribution of the main radiative corrections to anomalous quartic constants in process γγ → W^+W^− I. Marfin^∗, V. Mossolov^†, T. Shishkina^∗

Abstract

Evaluation of anomalous couplings in the γγ → W^+W^− process needs to calculate the cross section σ(W^+W^−) with a high precision. Therefore one has to consider the main contribution of high order effects. In this paper contributions of anomalous quartic boson interaction given by L_0, L_c, L̃_0 are analyzed in high-energy region. Influence of high order effects is studed in dependences of σ(W^+W^−) on anomalous constants and contour plots with statistical error 2δ.

1 Introduction

Linear colliders with centre of mass energies running to 1 TeV gives a hope for the detection of deviations from SM predictions.

The production of two and three electroweak gauge bosons in the high-energy γγ collisions allows to check the anomalous quartic gauge boson couplings a_0, a_c, ã_0 obtained from the Lagrangians (1) – (3), for more detailed information see refs. [1] – [5]. Quartic gauge boson couplings leads to direct electroweak symmetry breaking, in particular to the scalar sector of the theory or more generally to new physics of electroweak gauge bosons. Since the mechanism of symmetry breaking isn’t revealed completely so anomalous quartic gauge bosons can explain it and provide the first evidence of new physics in this sector of the electroweak theory. The influence of three possible anomalous couplings on the cross sections of W^+W^− productions has been investigated [6] at the TESLA kinematics ( √ S ∼ 1 TeV).

Correct consideration of results for γγ → W^+W^− process and precision analysis of the future experiments data are impossible without calculation of whole set the

∗BSU, Minsk †NC PHEP, Minsk

γ_1

γ_2

W^+ γ W^− 1 γ_1

γ_2

W^− γ W^+ 2 γ_1

γ_2

W^+ γ W^− 3 γ_1

γ_2

W^− W^+ γ 4 γ_1

γ_2

W^+ W^− γ 5 γ_1

γ_2 W^−

W^+ γ

6 γ_1

γ_2 W^+

W^− γ

7 Figure 1: Feynman diagrams of γγ → W^+W^− accompanied real photon emission

first-order radiative corrections, presented in figs. 1, 2 (see for example refs. [9] – [14]).

Thus at √ s ∼ 1 T eV the radiative correction is about a value of Born cross section, it gives contribution to σ^{Born}(W^+W^−) compared with anomalous one. In this paper we focus our attention on the most important QED correction to γγ → W^+W^−.

γ_1

γ_2

W^+

W^− 1 γ_1

γ_2

W^−

W^+ 2 γ_1

γ_2

W^+

W^− 3 γ_1

γ_2

W^−

W^+ 4 γ_1

γ_2

W^+

W^− 5 γ_1

γ_2

W^−

W^+ 6 γ_1

γ_2 W^−

W^+

7 γ_1

γ_2 W^+

W^−

8 Figure 2: Feynman diagrams of one-loop amplitudes of the γγ → W^+W^−

2 Anomalous Lagrangians of qartic boson interaction

In order to construct the structures contained anomalous quartic gauge boson couplings where one photon is involved at least, one has to consider the operators with the the lowest dimension of 6 (see refs. [2, 4]). That is required for a custodial SU(2)_c symmetry to have the ρ = M^2_W /(M^2_Z cos^2 θ_W ) parameter close to 1. Thus the 6-dimensional operators are considered [4]

L_0 = − e^2 16Λ^2 a_0F^{μν} F_{μν}W̄^αW̄_α,

L_c = − e^2 16Λ^2 a_cF^{μα}F_{μβ}W̄^βW̄^α, L̃_0 = − e^2 16Λ^2 ã_0F^{μα}F̃_{μβ}W̄^βW̄^α,

(1)

where we introduce the triplet of gauge bosons

W̄_μ = ( 1 √ 2 (W^+_μ + W^−_μ ), i √ 2 (W^+_μ − W^−_μ ), 1 cos θ_W Z_μ ) (2) and the field-strenght tensors F_{μν} = ∂_μA_ν − ∂_ν A_μ, W^i_{μν} = ∂_μW^i_ν − ∂_ν W^i_μ,

F̃_{μν} = 1 2 ϵ_{μνρσ} F^{ρσ}. (3)

The scale Λ is introduced to keep the coupling constant a_i dimensionless [3]. In practice, the Λ are specified in the frame of the chosen model for new physics that supports anomalous quartic gauge boson couplings. In our case Λ are fixed by value of M_W (∼ 80 GeV). As one can see the operators L_0 and L_c are C-, P -, CP -invariant. L̃_0 is the P - and CP -violating operator.

3 O(α) corrections to anomalous constants

Cross section of the W W pair production in the γγ collisions to third order in α is given by the sum of Born cross section, interference term between of Born and one-loop amplitudes, cross section of the W W γ production. We also include in consideration the process γγ → W W Z if energies exceed threshold of W W Z production: dσ(γγ → W^+W^−) = dσ^{Born}(γγ → W^+W^−) + 1 S Re(M^{Born}M^{1−loop∗})dΓ^{(2)}+ +dσ^{sof t}(γγ → W^+W^−γ) + dσ^{hard}(γγ → W^+W^−γ) + dσ^Z (γγ → W^+W^−Z). (4)

Real photon emission and one-loop correction are presented in figs. 1, 2.

Since one-loop and soft photon emission amplitudes are IR-divergent and only their sum is IR-finite it is convinient to consider soft and hard photon emissions separately [7]. dσ^{sof t} can be presented by factorizable expression [7] dσ^{sof t}(γγ → W^+W^−γ) = dσ^{Born}(γγ → W^+W^−)R^{sof t}, (5) where R^{sof t} = 2α π [( −1 + 1 β ( 1 − 2M^2_W S ) ln ( 1 + β 1 − β )) (ln(2ω)+ + 1 n − 4 − ln(2 √ π) + 1 2 C ) + 1 2β ln ( 1 + β 1 − β ) + + 1 2β ( 1 − 2M^2_W S ) ( Spence ( −2β 1 − β ) − Spence ( 2β 1 + β ))] , (6)

ω is soft photon energy cutoff, β = √ 1 − 4m^2_W /S, Spence – Spence function and M_W is the mass of W boson. The differential cross section of hard photon emission is given by equation: dσ^{hard}(γγ → W^+W^−γ) = dσ(γγ → W^+W^−γ) − dσ^{sof t}(γγ → W^+W^−γ). (7) One-loop amplitude M^{1−loop} can be built due to usage of SCA (Algebra of Symbolic Calculations) programs (MAT HEMAT ICA, REDUCE...) and transformations of scalar and tensor integrals to one-, two-, ..., six-point integrals. Cross section of W W Z production on γγ beams are obtained through aplication of the Monte-Carlo method of numerical integration and exact covariant expressions of γγ → W^+W^−Z amplitudes. Cross section as well as angular distributions of W W Z production at γγ scattering are presented in our papers [7], [8].

Cross section of the process to third order in α can be written in the following form

σ(γγ → W^+W^−) = σ^B + R^{sof t}σ^B + σ^{hard} + σ^Z . (8)

Dependences of total cross section σ(W W ) on anomalous constant a_0 and a_c with radiative correction are presented in figs. 3, 4. We see that correction gives appreciable contributions to σ(W W ) (about ∼ 10%) only in the case of a_c when the last one is rushing to the value of 0.05. For a_0 and ã_0 changes in anomalous part of σ(W W ) concerned with correction are negligible. So we conclude that in the first order of perturbation theory it has sense to include at considering of the anomalous Lagrangian L_c only. This fact is confirmed by contour plots presented in the paper (see figs. 5,6).

In order to evaluate the region of scattering angule where the radiative correction gives a considerable contribution we need to built graphs of angular distributions for δσ in the SM + L_c model. Figure 7 shows this dependence.

Figure 3: Dependence of the cross section σ(W^+W^−) on a_0. Solid line presents σ^{Born}, dashed line – cross section including radiative correction

Taking into account the value of luminosity L of photons about 100fb^{−1}/year, energy √ S ∼ 1 T eV that corresponds to TESLA experimental conditions [6], we can build contour plots on a_0, a_c, ã_0 of σ(W W ) with the lowest order radiative correction (see figs. 5, 6), where statistical error δ is equal to 0.05%. Calculation of δσ leads to fact that the ellipse built on (a_0, a_c) pair with +2δ error is shrinked by factor of 1/4. This implies that inclusion of radiative correction in consideration increases confidence level what improves chances to discover deviations from SM at future experiments.

References

[1] G. Belanger, F. Boudjema, Y. Kurihara et al., Eur. Phys. J. C13 (2000) p.283 hep-ph/9908254

[2] A. Denner, S. Dittmaier, M. Roth, D. Wackeroth, Nucl. Phy. B560(1999) p.33 hep-ph/9904472

[3] W.J. Stirling, A. Werthenbach, Eur. Phys. J. C14 (2000) p.103 hep-ph/9903315

Figure 4: Dependence of the cross section σ(W^+W^−) on a_c. Solid line presents σ^{Born}, dashed line – cross section including radiative correction

[4] A. Denner, S. Dittmaier, M. Roth, D. Wackeroth, EPJ C20(2001) p.201, hep-ph/0104057 [5] W.J. Stirling, A. Werthenbach, Eur. Phys. J. C14 (2000) p.103 hep-ph/9903315 [6] B. Badelek et al., DESY-01-011E hep-ex/0108012 [7] I. Marfin, V. Mossolov, T. Shishkina, hep-ph/0305153 [8] I. Marfin, V. Mossolov, T. Shishkina, LC-PHSM-2003-085 hep-ph/0304250 [9] M. Roth, A. Denner, Nucl. Phys. B479 (1996) p.495. hep-ph/9605420. [10] A. Denner, S. Pozzorini, Eur. Phys. J. C18 (2001) p.461. hep-ph/0010201 [11] A. Denner, S. Pozzorini, Eur. Phys. J. C21 (2001) p.63. hep-ph/0104127. [12] M. Melles Phys. Rept. 375 (2003) p.219. hep-ph/0104232. [13] F. Jegerlehner, M. Kalmykov, O. Veretin, Nucl. Phys. B641 (2002) p.285.

hep-ph/0105304.

Figure 5: Contour plots on (a_0,a_c) for +2δ deviations of σ(W^+W^−)

Figure 6: Contour plots on (a_c,ã_0) for +2δ deviations of σ(W^+W^−)

[14] B. Kniehl, Int. J. Mod. Phys. A10 (1995) p.443. hep-ph/9410330.

Figure 7: Angular distributions of δσ in SM + L_c model, where +(-) denotes right(left) circular polarization, 0 means longitudinal polarization and u – unpolarized case.