arXiv:hep-ph/0005269 v5 17 Sep 2001

Addendum to Off-shell structure of the anomalous Z and γ self-couplings^†

Phys. Rev. D62,073012(2000)

G.J. Gounaris^a, J. Layssac^b and F.M. Renard^b

aDepartment of Theoretical Physics, Aristotle University of Thessaloniki, Gr-54006, Thessaloniki, Greece.

bPhysique Mathématique et Théorique, UMR 5825 Université Montpellier II, F-34095 Montpellier Cedex 5.

The experimental search for direct couplings among three neutral gauge bosons has recently received much attention [1]. In a first step the studies were done in the case one off-shell gauge boson (γ or Z) couples to two on-shell ones, using the description established in [2] with the modifications made in [3]. In a second step the studies were extended to the case in which the three gauge bosons are off-shell, allowing to treat a larger number of available events corresponding to the decays of the final gauge bosons into various types of fermion pairs. The general description of the couplings among three off-shell neutral gauge bosons has been established in [4]. In the most general case a large set of independent Lorentz invariant ZZZ, ZZγ, γγZ coupling forms appear, making the experimental analysis rather involved.

However, in [4] it was already noticed that if one demands that these couplings preserve the SU(2) × U(1) invariance, and if we only retain the lowest dimension (dim = 8) operators affecting exclusively the neutral gauge boson and/or Higgs interactions, then only one CP-conserving and one CP-violating operator are allowed, namely (see eq.(41) of [4]):

O_{SU (2)×U (1)} = iB̃_{μν} (∂_σB^{σμ})(Φ^†D^ν Φ) , Õ_{SU (2)×U (1)} = iB_{μν} (∂_σB^{σμ})(Φ^†D^ν Φ) . (1)

The effective Lagrangian

L = fO_{SU (2)×U (1)} + f̃ Õ_{SU (2)×U (1)} (2)

generates simultaneously the following ZZZ, ZZγ and γγZ couplings, in the notations of [4]:

†Partially supported by EU contract HPRN-CT-2000-00149.

l^{ZZγ}_1 = −l^{ZZγ}_2 = c_W s_W l^{ZZZ}_1 = − s_W c_W l^{γγZ}_1 = v^2 4 f (3)

l̃^{ZZγ}_1 = −l̃^{ZZγ}_3 = c^W s_W l̃^{ZZZ}_1 = −s^W c_W l̃^{γγZ}_1 = v^2 4 f̃ (4)

The analysis of the experimental results for off-shell (as well as on-shell) events can then be performed with only two arbitrary parameters.

If we further restrict to on-shell case, then the couplings defined in [2,3,4] may be used constrained as h^Z_3 = − s_W c_W h^γ_3 = −f^γ_5 = c_W s_W f^Z_5 = m^2_Z v^2 4 f (5)

h^Z_1 = − s_W c_W h^γ_1 = −f^γ_4 = c_W s_W f^Z_4 = m^2_Z v^2 4 f̃ (6)

Finally a few comments may be added concerning the motivation for restricting to the two operators in (1). If we take the point of view that there is no new physics contribution to the anomalous couplings affecting W^±, then we can assume that it might only affect the neutral gauge boson and/or the Higgs interactions. Assuming further that the responsible effective scale Λ_{N P} is much larger than the Z mass and the energy range of the present colliders, we are then led to considering only the SU(2) × U(1) gauge invariant forms, which induce exclusively neutral gauge boson couplings and have the lowest possible dimension dim = 8.

The use of relations (3,4) or (5,6) when analyzing experimental data should allow to get much more stringent constraints on the couplings. To our knowledge this had not been pointed out in the literature.

We thank Robert Sekulin for having drawn our attention on this point.

References

[1] ] P. Bambade et al, “Study of Trlinear Gauge Boson Couplings ZZZ, ZZγ and Zγγ”, DELPHI 2001-097 CONF 525, contributed to EPS HEP 2001 Conference in Budapest.

[2] K. Hagiwara, R.D. Peccei and D. Zeppenfeld, Nucl.Phys.B282,253(1987).

[3] G.J. Gounaris, J. Layssac and F.M. Renard, Phys.Rev.D61,073013(2000).

[4] G.J. Gounaris, J. Layssac and F.M. Renard, Phys.Rev.D62,073012(2000).

2