arXiv:1101.3191v1 [hep-ph] 17 Jan 2011

Nonstandard interactions and interference effect in low energy ν_ee−scattering process.

Amir Nawaz Khan^∗, Farida Tahir^† Physics Department COMSATS Institute of InformationTechnology, Park Road Islamabad Pakistan.

January 18, 2011

Abstract

We calculated the size and sign of interference (I) in elastic νeescattering process in the presence of nonstandard neutrino interactions (NSI). The size of interference predicted by standard model (SM) is −1.09, while that measured in the LSND experiment is −1.01 ± 0.18. Using the current bounds on NSI from the literature,we get I = −1.02, which is compatible with experiment . The result indicates that nonstandard current interferes constructively with the charge and neutral currents (CC and NC) of the SM, while the over all −ev sign (distructive) indicates that the dominant contribution is still from the SM, yet we can not ignore the contribution of NSI, as it enhances our knowledge in terms of known physical phenomena. As an offshoot of this analysis, the best bounds on NSI coupling parameters could be chosen.

Key words: Neutrino mass, Nonstandard neutrino interactions, Interference effect, New physics.

1 Introduction

It is known that neutrinos are massless within the standard model, contrary to this plethora of neutrino oscillation experiments confirm that neutrinos change their flavor while propagating from source to detector and thus providing the evidence of these being massive [1, 2, 3, 4, 5]. General trend to accommodate the masses of neutrino through effective four fermions operator is extensively found in literature [6, 7]. The effective operators approach provides a plausible way to study the effects of new interactions in low energy electroweak precision measurements. These new interactions are predicted by various models such

∗amir nawaz@comsats.edu.pk †farida tahir@comsats.edu.pk

as R-parity violating supersymmetric model [8], heavy neutral vector bosons (Z^′ ) model and the lepto-quarks model [6].

The electroweak precision measurements have verified very well the universality and flavor conserving processes of the SM [9, 10]. But if neutrinos are given masses then it is strongly suggested that it may have some new interactions at high energy scale (≳ 1T eV ) [11]. Such interactions are called nonstandard neutrino interactions (NSI). The NSI includes nonuniversal flavor conserving as well as flavor changing currents (also called flavor diagonal (FD) and flavor non-diagonal (FND) respectively), contrary to the standard model where both charge current (CC ) and neutral current (NC) couple not only universally but also account flavor conservation with neutrinos. For the exploration of new physics the study of FD and FND couplings is crucial. Currently, the coupling parameters (FD and FND) of NSI are extensively studied in electroweak precision measurements [9, 10].

We study NSI arising in neutrino-fermion scattering processes and focus on the elastic ν_ee−scattering process. The major interest in this reaction is based on the fact that it is one of the few reactions for which SM predicts large distructive interference (I) between charge and neutral current channels and provides the reason for lowering the ν_ee cross section by 40% compared with that in the absence of interference, hence provided the agreement with experiments [13]. This depicts the fact that study of the effect of interference gives the crucial test for the gauge structure of the SM. Knowing the fact that if the out going neutrino from the universal (SM) and non-universal (Beyond the SM) interaction is same, then we can not ignore the interference between standard and non standard interaction. These facts imposed to recalculate the size and sign of interference in the presence of NSI, if there exists any NSI it must interfere with the CC and NC of the SM. The size and sign of standard and Non standard interaction can be inferred by using an accurate measurement of ν_ee−scattering cross section [12, 13, 14, 15] and providing limits on new physics parameters.

This approach could also be helpful to decide the best limits on NSI coupling parameters which have been calculated using different hypothesis like single paremeter approach, two parameter approach as adopted by various authors [6, 7].

2 Lagrangian of NSI

The most general form of the effective four-fermion interaction Lagrangian for low energy (ν_αf −→ ν_β f ) process in the presence of NSI is given by [6],

L^{ef f} = −2 √ 2G_f [ν̄_αγ_μLl_β][f̄γ^μP f] − 2 √ 2 ∑ p,f,α g^f_p G_f [ν̄_αγ_μLν_α][f̄γ^μP f ] − ∑ α,β ϵ^{f p}_{αβ} 2 √ 2G_f [ν̄_αγ_μLν_β ][f̄γ^μP f] (1) where P = L, R =^1_2 (1 ∓ γ_5) with G_F as the Fermi constant and f is any of the first generation fermion (e, u, d), g^f_p are the standard neutral current coupling constants and ϵ^{f p}_{αβ} are the nonstandard FD (α = β) and FND (α ≠ β) effective coupling parameters.

For the specific process of ν_ee−scattering, the total effective Lagrangian becomes,

L^{ef f} = −2 √ 2G_f [ν̄_eγ_μLl_e][ē γ^μP e] − 2 √ 2g^f_p G_f [ν̄_eγ_μLν_e][ē γ^μP e] −ϵ^{ep}_{ee} 2 √ 2G_f [ν̄_eγ_μLν_e][ēγ^μP e] (2)

Notice that first and third terms have been obatined in this form after Fierz rearrangement.

3 Interference effect in the SM and measurements

Using the standard model part of lagrangian in (2), the total cross section can be calculated as

σ^{ν e} = σ^o[(g_L + 2)^2 + g^2_R 3 ] (3)

where σ^o =^{G2f meEνe}_{2π} = (4.31 × 10^{−45})^{cm2}_{MeV} × E_{νe}, g_L = −1 + 2 sin θ^2_w and g_R = 2 sin^2 θ_w.

To make the interference term more explicit we rewrite (3) in the form

σ^{νe} = σ^{CC} + σ^{NC} + σ^I (4)

where σ^{CC} = 4σ^o, σ^{NC} = σ^o(g_L^2 +^{g2R}_3 ), σ^I = 4σ^og_L = 2σ^oI^{SM} , I^{SM} = 2g_L Assuming sin^2 θ_w = 0.23, σ^{NC} and σ^I are calculated within the SM as σ^{NC} = 0.36σ^o, σ^I = 2(−1.1)σ^o where I^{SM} = 2g_L = −1.1 [15].

Including the radiative corrections [15, 17], we obtain σ^{NC} = 0.37σ^o and σ^I = 2(−1.09)σ^o with I^{SM} = −1.09. The total cross section becomes,

σ^{νee} = 4σ^0 + 0.37σ^0 − 2(1.09)σ^0

From the third term, it is clear that the standard model predicts destructive interference between CC and NC having size 1.09. Using σ_{exp} = [10.1 ± 1.1(stat.) ± 1.0(syst.) × E_{νe}(MeV ) × 10^{−45}cm^2] in eq.(4) from the LSND experiment [15] and solving for I, we get I^{LSND} = −1.01 ± 0.18. Comparing I^{SM} and I^{LSND}, one can see a discrepency of 0.08 which is 8% with respect to the central value of LSND experiment. The destructive interference(-ev sign) is in agreement with both, the theory and experiment.

4 Interference effect in the presence of NSI

In the presence of NSI eq (3), can be modified as [7] σ^{ν ee}_{SI+NSI} = σ^o[g̃_L^2 + g̃^2_R 3 ] (5)

where

g̃_L = 2 + g_L + ϵ^{eL}_{ee} , g̃_R = g_R + ϵ^{eR}_{ee} , g_L = −0.54, g_R = 0.46

By rewritting eq (5) the interference term becomes more overt as σ^{νe}_{SM+NSI} = σ^{CC} + σ^{NC} + σ^{NSI} + σ^I where σ^{CC} = 4σ^o σ^{NC} = (g^2_L + 1 3 g^2_R)σ^o = 0.37σ^o

σ^{NSI} = {(ϵ^{eL}_{ee} )^2 + 1 3 (ϵ^{eR}_{ee} )^2}σ^o σ^I = 2{(2g_L + g_L(ϵ^{eL}_{ee} ) + 2(ϵ^{eL}_{ee} ) + 1 3 g_R(ϵ^{eR}_{ee} )}σ^o = 2I^{total}σ^o and I^{total} = {(2g_L + g_L(ϵ^{eL}_{ee} ) + 2(ϵ^{eL}_{ee} ) + 1 3 g_R(ϵ^{eR}_{ee} )} Using g_L = −0.54 and g_R = 0.46, the total interference (I^{total}) can be written as, I^{total} = −1.09 + 1.46(ϵ^{eL}_{ee} ) + 0.15(ϵ^{eR}_{ee} ) (6) The first term is the SM interference term while the second and third are interference terms due to Standard and non standard interaction of charge and neutral currents respectively. The negative sign with the standard model term indicates the destructive interference, whereas the type of interference for the nonstandard terms depends on the signs of the nonstandard coupling parameters ϵ^{eL}_{ee} and ϵ^{eR}_{ee} . If these are negative, the interference will be of destructive and if the signs are positive then there will be constructive interference.

By calculating the size of interference in the presence of NSI, using the current bounds as given in the literature [6, 7], which are [−0.05 < ϵ^{eL}_{ee} < 0.12 and −0.04 < ϵ^{eR}_{ee} < 0.14] (see table II of ref. [7] ), the average size of interference comes out to be −1.02, which shows that size of interference changes from −1.09 to −1.02. If the limits [−0.13 < ϵ^{eL}_{ee} < 0.12, −0.07 < ϵ^{eR}_{ee} < 0.15] are used then [7], the average size of interference comes out to be −1.08. So, for the these bounds the size increases from −1.09 to −1.08.

One can see that in the first case the size of interference increases from −1.09 to −1.02 which corresponds to average experimental value of −1.01 at

90% C.L. better than the second case where the size of interference increases from −1.09 to −1.08 at 90% C.L.

In both cases the nonstandard current interferes constructively with the charge and neutral currents (CC and NC) of the SM, while the over all −ev sign (distructive) indicates that the dominant contribution is still from the SM, yet we can not ignore the contribution of NSI, as it enhances our knowledge in terms of known physical phenomena.

5 Conclusions

The interference effect between the charged and neutral current has been verified in the standard model. The size of this interference in the SM is −1.09, whereas that measured in LSND experiment is −1.01 ± 0.18. The theory vs experiment discrepancy is 8%. This reduces to 1% if the effective four fermion operator due to NSI is included for calculating the elastic ν_ee−scattering process. We used two sets of bounds (i) [−0.05 < ϵ^{eL}_{ee} < 0.12, −0.04 < ϵ^{eR}_{ee} < 0.14], (ii) [−0.13 < ϵ^{eL}_{ee} < 0.12, −0.07 < ϵ^{eR}_{ee} < 0.15] [7] and found that in both cases the calculated size of interference increases from the standard model prediction and is compatible with experimental result. In the first case this increases from −1.09 to −1.02 while in the second case from −1.09 to −1.08. This shows that the interference effect not only provides the strong evidence for the existance of NSI but can also be used as good probe for constrianing the bounds on NSI.

6 Acknowledgement

Farida Tahir thanks Prof. Douglas McKay for stimulating her interest in this Physics. She is also thankful to Prof. John Ellis for providing her with an opportunity to work at CERN. She is highly indebted to CERN Theory Division for its kind hospitality, for facilitating her stay and for providing excellent working environment during her visit at CERN. She is also grateful to S Pascoli and E. F. Martinez for their valuable suggestions. She also registers her thanks to HEC Pakistan for awarding the funds under grant-# 20-577. Amir Nawaz Khan is indebted to Higher Education Commission of Pakistan for the financial support under the indigenous PhD 5000 Fellowship program phase−IV .

References

[1] Super-Kamiokande Collaboration, S. Fukuda et al., Phys. Rev.

Lett.81, 1562, (1998); S.Fukuda et al., Phys. Rev. Lett. 82, 2644, (1999); S.Fukuda et al., Phys. Rev. Lett.85, 3999, (2000).

[2] SNO collaboration, Q.R. Ahmad et al., Phys. Rev. Lett. 87, Phys.Rev.Lett 89, 011302, (2002).

[3] KamLAND Collaboration, T.Araki et al hep-ex/0406035.

[4] Soudan2 Collaboration, W.W.M.Allison et al., Phys. Lett.

B449, 137, (1999).

[5] K2K Collaboration, T.Nakaya, Proceedings of 21th International Conference on Neutrino Physics and Astrophysics, Paris, France, 13 − 19 June (2004).

[6] S.Davidson, C.Pena-Garay, N.Rius and A.Santamaria, JHEP 303, 11, (2003).

[7] J.Barranco et al, Phys. Rev. D73, 113001, (2006). [8] E.M.Sessolo, F.Tahir, D.Mckay, Phys.Rev.D79,115010,(2009). [9] Sabine Riemann, Rep. Prog.Phys.73 126201, (2010) [10] Andre de Gouvea and James Jenkins, Phys. Rev. D74, 033004, (2006). [11] L.wolfenstein, Phys. Rev. D17, 2369 (1978); J.W.F.Valle, Phys. Lett.

B199 432(1987) ; E.Roulet, Phys. Rev. D44 935(1991); M.M. Guzzo, A.Masiero, S.T.Petcov, Phys.Lett. B260 154(1991).

[12] R.C.Allen et al., phys. Rev. D47, 11, (1993). [13] R.C.Allen et al., Phys. Rev. Lett. 64, 1330 (1990) [14] R.C.Allen et al., Phys. Rev. Lett 55, 2401 − 2404 (1985) [15] L.B.Auerbach et al, Phys. Rev. D63, 112001, (2001).

[16] Mohapatra R.N., Pal P. B. Massive Neutrinos in Physics and Astrophysics World Third Edition,Scientific Lecture Series Notes-Vol.72, (1990).

[17] S.Sarantakos, A. Sirlin and W. J. Marciano, Nucl. Phys. 39, 563, (1983). [18] A. I. Derbin, et al. JETP Lett. 57, 768, (1993).