hep-ph/9903317 10 Mar 1999

IFT-P.024/99 March 1999

L-R asymmetries and signals for new bosons^�

J. C. Montero^†, V. Pleitez^‡ and M. C. Rodriguez^§ Instituto de Física Teórica Universidade Estadual Paulista Rua Pamplona, 145 01405-900– São Paulo, SP Brazil

Abstract

Several left-right parity violating asymmetries in lepton-lepton scattering in fixed target and collider experiments are considered as signals for doubly charged vector bosons (bileptons).

∗Presented by M. C. Rodriguez at VIII Mexican School of Particles and Fields, Oaxaca de Juárez, Oax, México, November 20–29, 1998. †e-mail: montero@ift.unesp.br ‡e-mail: vicente@ift.unesp.br §e-mails: mcr@axp.ift.unesp.br

The left-right asymmetry when only one of the lepton is polarized is defined as follows [1] A_{RL}(ll → ll) = dσ_R − dσ_L dσ_R + dσ_L , (1)

where dσ_{R(L)} is the differential cross section for one right (left)-handed lepton l scattering on an unpolarized lepton l. That is A_{RL}(ll → ll) = (dσ_{RR} + dσ_{RL}) − (dσ_{LL} + dσ_{LR}) (dσ_{RR} + dσ_{RL}) + (dσ_{LL} + dσ_{LR}) , (2)

where dσ_{ij} denotes the cross section for incoming leptons with helicity i and j, respectively, and they are given by dσ_{ij} ∝ X kl |M_{ij;kl}|^2, i, j; k, l = L, R. (3) Another interesting possibility is the case when both leptons are polarized. We can define an asymmetry A_{R;RL} in which one beam is always in the same polarization state, say righthanded, and the other is either right- or left-handed polarized (similarly we can define A_{L;LR}): A_{R;RL} = dσ_{RR} − dσ_{RL} dσ_{RR} + dσ_{RL} , A_{L;RL} = dσ_{LR} − dσ_{LL} dσ_{LL} + dσ_{LR} . (4)

We can define also an asymmetry when one incident particle is right- handed and the other is left-handed and the final states are right- and left or left- and right-handed: A_{RL;RL,LR} = dσ_{RL;RL} − dσ_{RL;LR} dσ_{RL;RL} + dσ_{RL;LR} (5) or similarly, A_{LR;RL,LR}. These asymmetries, in Eqs.(4) and (5), are dominated by QED contributions. However, this will not be the case if a bilepton resonance does exist at typical energies of the NLC. To show this fact is the goal of this paper. These asymmetries can be calculated for both fixed target (FT) and collider (CO) experiments.

We can integrate in the scattering angle and define the asymmetry A_{RL} as A_{RL}(ll → ll) = (R_{dσRR +} R_{dσRL) − (}R_{dσLL +} R_{dσLR)} (R_{dσRR +} R_{dσRL) + (}R_{dσLL +} R_{dσLR)}, (6)

where R dσ_{ij} ≡ R^{175o}_5o dσ_{ij}. All these asymmetries can be studied in future accelerators [2,3].

The importance of these sort of parity breaking asymmetries in fixed target experiments in lepton-lepton scattering was first pointed out in Ref. [1]. For the case of electron-electron scattering the mass of the electrons can be neglected. For an energy of E = 50 GeV and for a scattering angle (in the center of mass frame) of θ = 90^o the left-right asymmetry, defined in Eq. (1) has a value ≈ −3 × 10^{−7} in the standard model. Radiative corrections reduce this value about 40 ± 3 % [4]. It is expected that fixed target experiments like those at SLAC [5] can measure this asymmetry [4]. For the muon-muon elastic scattering this asymmetry is ≈ 5.4 × 10^{−5} [6]. We have studied also the non-diagonal elastic scattering eμ → eμ. In the last case we obtain a value of −5.9 × 10^{−8} for a muon energy of 50 GeV and −2.9 × 10^{−7} for muon energy of 190 GeV. At these energies the muon mass cannot be neglected [7]. This type of asymmetry can be measured using the high-energy muon beam M2 of the CERN SPS as in the NA47 experiment [8].

The relevance of these asymmetries in collider experiments was first pointed out in Refs. [6,9]. In fixed target experiments the cross sections are large (∼ mb) and the asymmetries small (∼ 10^{−7}). On the other hand, in collider experiments the cross sections are small (∼ 10^{−3}nb) but the asymmetries large (∼ 0.1 for the muon-muon case). Explicitly we have that at energies √ s = 300 GeV and θ ≈ 90^o the asymmetry is

A^{CO,ESM} RL (ee → ee) ≈ −0.05, (7) for the electron-electron case and

A^{CO,ESM} LR (μμ → μμ) ≈ −0.1436, (8) for the muon-muon case. Future colliders with polarized lepton-lepton scattering can have the appropriate luminosity to measure these parameters.

If a muon-electron collider is constructed in the future, it would be possible to measure the A^{CO;ESM} RL (μe) = −0.024 for E_μ = 190 GeV ( √ s ∼ 380 GeV) and θ = 90^o. At high energies the mass effects are not important.

So far all the results were obtained in the standard model. In certain kind of models there are doubly charged scalars (H^{−−} ) or/and vector (U^{−−} ) bileptons [10]. As expect the asymmetry is larger in the U-pole. For instance,

A^{CO,ESM+U} RL (ee → ee) = −0.099, (9) and A^{CO,ESM+U} RL (μμ → μμ) = −0.1801, (10) when we add to the standard model asymmetry the contributions due to the the bilepton U for M_U = 300 GeV and Γ_U = 36 MeV. In Fig. 1 we show the behaviour of the asymmetry A^{CO,ESM+U}

RL as a function of the mass of the boson U^{−−} .

For the electron-electron case we can define the quantity δ A_{RL}(ee → ee) ≡ (A^{CO,ESM+U} RL − A^{CO,ESM}_{RL} )/A^{CO,ESM}_{RL} , (11)

where Ā’s are define in Eq. (6). Although δ A_{RL} is large (near 50 for √ s = 300) at the Uresonance we would like to stress that it remains appreciably large even far from the U-peak. That particular behavior suggests that this quantity could be the one to be considered in the search for new physics, like the bilepton U^{−−} , in future colliders. On the other hand, the asymmetry is insensitive to the contributions of the doubly charged scalars.

We have used also the asymmetries defined in Eq. (4). In this case it is interesting to note that

A^{CO,ESM+U} R;RL (ee → ee) ≈ −A CO,ESM R;RL (ee → ee), (12) and we see that such a difference on sign is a good signature for the discovery of the vector bilepton.

The contributions of an extra neutral vector boson Z^′ has also been considered for the case A_{RL}(μe). In this case the asymmetry is considerably enhanced and it will be appropriate in searching for extra neutral vector bosons with mass up to 1 TeV. Since in the 331 model the Z^′ couplings with the leptons are flavor conserving we do not have additional suppression factors coming from mixing [10]. Hence, the μe elastic scattering can be very helpful, even with the present experimental capabilities, for looking for non-standard physics effects.

ACKNOWLEDGMENTS

This work was supported by Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP), Conselho Nacional de Ciência e Tecnologia (CNPq) and by Programa de Apoio a Núcleos de Excelência (PRONEX).

REFERENCES

[1] Derman, E., Marciano, W., Ann. Phys. (N.Y.) 121, 147 (1979 [2] Kuhman, K., et al., (The NLC Accelerator Design Group and The NLC Physics Working Group), Physics and Technology of the Next Linear Collider, FERMILAB-PUB96/112. See also http://nlc.physics.upenn.edu/nlc/nlc.html and http://pss058.psi.ch/cuypers/e-e-.htm.

[3] Gunion, J. F., Muon Colliders: The Machine and the Physics, hep-ph/9707379. See also http//www.cap.bnl.gov/mumu and

http://www.fnal.gov/projects/muon_collider.

[4] Czarnecki, A., Marciano, W., Phys. Rev. D 53, 1066 (1996). [5] See htpp://www.salc.stanford.edu/FIND/explist.html.

[6] Montero, J. C., Pleitez, V., Rodriguez, M. C., Phys. Rev. D, 094026 (1998); hepph/9802313.

[7] Montero, J. C., Pleitez, V., Rodriguez, M. C., Phys. Rev. D, 097505 (1998); hepph/9803450.

[8] Adams, D., et al. (SMC Collaboration), Phys. Rev. D 56, 5330 (1997). [9] Czarnecki, A., Marciano W., Int. J. Mod. Phys. A13, 2235 (1998); hep-ph/9801394. [10] F. Pisano and V. Pleitez, Phys. Rev. D 46, 410 (1992).

FIG. 1. L � R asymmetry as a function of the M_U mass for θ = π/2, ps = 300 GeV and Γ_U = 36 MeV.