Pis’ma v ZhETF, vol. 100, iss. 1, pp. 3 – 5 © 2014 July 10

On symmetry-extended SM and neutrino masses

R. Ahl. Laamara^{+∗×}, K. Douhou^+, S.-E. Ennadifi^{+1)}

+Laboratory of High Energy Physics, Modeling and Simulation, Faculty of Science, University Mohammed V-Agdal, Box 1014, Rabat, Morocco

∗Centre of Physics and Mathematics, (CPM), Box 1014, Rabat, Morocco

×Centre Régional des Métiers de l’Eductaion et de la Formation (CRMEF), Meknès

Submitted 14 April 2014 Resubmitted 26 May 2014

An abelian symmetry extension of the SM and its possible implicaton for the neutrino sector is considered. The symmetry breaking by a new scalar vev is described and the resulting suppressed neutrino mass terms are determined. From the known data, the strenghts of the corresponding suppressing effect are derived and the associated new scales are approached.

DOI: 10.7868/S0370274X14130013

With the recent observation of the Higgs boson, a large amount of experimental data is now said to be in an excellent agreement with the Standard Model of particle physics (SM) [1, 2]; it describes successfully lowenergy phenomena for the elementary particles and the fundamental interactions. However, the SM includes no fundamental explanation for the gaps among the masses of the particles. The masses and the Yukawa terms which determine them, are spread across five orders of magnitude. This is the problem of flavor in the SM. Although the large hierarchy between the fermion masses may be understood in their coupling constants, it is difficult to be accepted in the case of neutrinos, which besides they were considered massless in the SM, they are actually known to have tiny ∼ eV masses and, say, twelve ordres of magnitude less than the top quark mass [3– 5]. This neutrino problem requests an explanation from an extension of the SM. Important proposals in terms of extra dimensions, symmetries, and scalars have been proposed to explain partially the suppressed neutrino masses [6–9]. As neutrinos are known to be the lightest fermions, it makes sense to take a highly suppressing effect in the model to describe such tiny scale. A natural way to explain this pattern, is in terms of symmetry and a symmetry breaking order parameter. This would explain the smallness of neutrino masses by having different operators in the model transform under different representations of the symmetry group. If the symmetry is continuous, such a symmetry breaking would lead to a massless Goldstone boson as a low-energy remnant. This possible remnant can be identified with postulated

1)e-mail: ennadifis@gmail.com

bosons and it is interesting to find models where such hypothetical particle is related to this symmetry breaking.

This work aims to join in these works by presenting an extended SM involving two abelian gauge factors U(1)_{b,c}. An associated singlet scalar field ϕ breaks this extended symmetry down to the electroweak one and hence contributes to its mediation to the neutrino sector, resulting in a highly suppressed neutrino mass terms. We then refer to the SM data with the known neutrino masses scale, we derive the corresponding suppressing effect and approach the scales of the associated symmetry breaking and the new physics, new particles and scales M_s, behind the underlying effective theory by refering to the known data.

As we discussed in the introduction, we want to make the SM richer by adding new symmetries that will in particular affect the neutrino sector. The simplest option is to enlarge the SM hypercharge by more abelian gauge factors,

SU(3)_C × SU(2)_L × U(1)_b × U(1)_c. (1)

This enlarged symmetry is assumed to be broken above the electroweak scale by the vev of a new scalar field ϕ, leading to the hypercharge combination Y = � b,c α_{b,c}Q_{b,c}, (2)

where the α_{b,c} are such that the combinations correspond to the right fermion hypercharges. So, we deal with an extended SM where only the neutrino sector is affected. At this level, we need to fit the charges of the

Письма в ЖЭТФ том 100 вып. 1 – 2 2014 3

4 R. Ahl. Laamara, K. Douhou, S.-E. Ennadifi

leptonic sector ℓ^i_L , Higgs h and the scalar ϕ under the extended symmetry. Based on these requirements, we assign the following needed quantum numbers (Table).

The neutrino and scalar content corresponding to the hypercharge combination Y = 0.5(Q_b + Q_c). The index i = 1, 2, 3 denotes the family index

Charges/Fields Q_b Q_c Y ℓ_i 0 −1 −1/2 h 1 0 1/2 ϕ −1 1 0

These quantum numbers contain enough information to say about the scale of the neutrino masses. In fact, although a Yukawa coupling for the neutrino sector with h will be prevented unlike the other SM fermions, and hence is not directly connected to the electroweak symmetry breaking, it may be connected via the complex scalar field ϕ having a non-vanishing vev and carrying appropriate charges. In this picture, neutrinos are distinguished by their Q_c charge. This symmetry together with Q_b under which the Higgs h is charged forbid the lowest order term made out of the SM fields [10], Q_{b,c} � ℓ_{iL}~h~h^tℓ^c_{jL} � ≠ 0, (3)

where ~h is related to the standard Higgs doublet by ~h = iσ_2h∗, but would allow it through the effective seven-dimensional couplings,

Q_{b,c} � ϕ^{∗2}ℓ_{iL}~h~h^tℓ^c_{jL} � = 0, (4)

leading to the corresponding effective Yukawa Lagrangian,

ζ^υ_{Yuk} = y^v_{ij} ϕ^{∗2} M^3_s ℓ_{iL}~h~h^tℓ^c_{jL} + h.c., (5)

with y^v_{ij} correspond to the coupling constants, M_s is a high scale corresponding to the lepton number violation. For a clear exhibition, we illustrate this effective term in the following figure.

Upon spontaneous breaking down to the electroweak symmetry SU(2)_L × U(1)_b × U(1)_c^{⟨ϕ⟩}→ SU(2)_L × U(1)_Y by the non-vanishing vev of the new scalar ϕ, the corresponding effective Lagrangian (5) becomes

ζ^υ_{Yuk} = y^v_{ij}

⟨ϕ⟩^2 M^3_s ℓ_{iL}~h~h^tℓ^c_{jL} + h.c. (6)

After the electroweak symmetry breaking SU(2)_L×U(1)_Y^{⟨h⟩}→U(1)_{Qem} by the vev of the SM higgs h, and accepting the approximation,

ε^3 = ⟨ϕ⟩^2 ⟨h⟩ /M^3_s ∼ (⟨ϕ⟩ /M_s)^3 , (7)

Higher couplings of neutrinos to Higgs sector with effective strenghts y^v_{ij} /M^3_s through the new scalar ϕ

where ε is a small dimensionless parameter, the Lagrangian (6) becomes,

ζ^υ_{mass} = y^v_{ij} ε^3 ⟨h⟩ ℓ_iℓ_j . (8)

Within this approach, even with a fundamental Yukawas y^v_{ij} of order 1, a high suppression effect is realized due to the suppressing parameter ε^3 ≪ 1. Indeed, after the electroweak symmetry breaking at the usual scale ⟨h⟩ ∼ 10^2 GeV, according to the neutrino mass scale m_υ ∼ 10^{−4} eV [3–5], we estimate the suppressing factor,

ε ∼^3 � m_υ ⟨h⟩ ∼ 10^{−5}. (9)

Having fixed the value of ε, we finally turn to the associated breaking symmetry ⟨ϕ⟩ and the mass parameter M_s behind neutrino masses (8). According to (7) and with the fact that ⟨ϕ⟩ > ⟨h⟩, we derive lower bounds of the involved high scales,

M_s > ⟨h⟩ ε ∼ 10^7 GeV, ⟨ϕ⟩ > εM_s ∼ 10^2 GeV. (10)

In addition to the extra SM singlet scalar ϕ, which is heavier than its SM counterpart, the model also contains an extra particle corresponding to the broken extended symmetry. This particle is a gauge boson similar to the Z^′ boson which we are looking for at LHC. Here in this model, one could expect its mass as well as its coupling to SM fields. The kinetic term for the field ϕ generates the Z^′ mass through the covariant derivative,

D_μϕ = � ∂_μ + i (g_bQ_b + g_cQ_c) Z^′_μ � ϕ, (11)

with the constants g_{b,c} are the corresponding U(1)_{b,c} couplings. Roughly, with the non-vanishing vacuum expectation value, ⟨ϕ⟩ ≠ 0, Eq. (11) produces the following mass term for the Z^′ boson,

ζ^{Z′}_{mass} ∼ (g_c − g_b)^2 ⟨ϕ⟩^2 Z^{′2}_μ , (12)

where the Z^′ mass reads,

M_Z′ ∼ (g_c − g_b) ⟨ϕ⟩ . (13)

Письма в ЖЭТФ том 100 вып. 1 – 2 2014

On symmetry-extended SM and neutrino masses 5

In general, the scale of the extended symmetry breaking is unknown, ranging from ∼ 10^2 GeV to much higher scales. However, a TeV scale is predicted in many new physics scenarios [11, 12]. In this picture, the first implication of such U(1) extensions for the LHC is a new gauge boson Z^′ at TeV scale. Although there are other discovery goals at the LHC, after the discovered Higgs boson, such as Dark Matter and Supersymmetry, Z^′ is very likely to be the next discovery at the LHC if it exists. Indeed, Z^′ can be a factory of new and old particles, especially clean lepton signals revealing the effect of new particles between the Z^′ and final leptons.

In this work, we were interested in the connection between neutrino masses and possible extensions of the SM. We have presented a symmetry extension consisting of four abelian gauge factors whose a linear combination of them is the SM hypercharge. We have studied in detail how this extension could explain the known tiny neutrino masses. For that, we have in particular investigated the breaking of this symmetry down to the electroweak one through the vev of an introduced singlet scalar ϕ, and showed how this leads to the neutrino mass terms m_υ = y_vi ε^3 ⟨h⟩. In particular, the model involves a higher order coupling generated by through the scalar ϕ, so as without dealing with the structure of the Yuakwa constants and the investigation of their strengths, the allowed four-dimensional couplings give rise to a highly suppressed neutrino mass term compared to other SM fermions m_υ = y^vε^3 ⟨h⟩ ≪ m_f = = y_f ⟨h⟩ with ε ∼ ⟨ϕ⟩ /M_s ≪ 1. Then, we have based on the neutrinos ∼ eV scale data to approach the supressing effetcs, the associated scales M_s ∼ 10^7 GeV, ⟨ϕ⟩ > 10^2 GeV and the resulting Z^′-like boson of the model.

This work comes up with many questions related to possible extended models. A concrete one concerns the link with string theory, particularly with D-branes where N coincident piece of them typically generates a unitary group U(N) ∼ SU(N) × U(1) supplying the model with extra abelian factors U(1)’s in the gauge group which have clear interpretations in terms of globale symmetries of the SM, i.e., baryon, lepton, and isospin numbers [13–15].

The authors wish to thank URAC 09/CNRST.

1. C. Quigg, Gauge Theories of the Strong, Weak, and Electromagnetic Interactions, Benjamin-Cummings Publish. Co, N.Y. (1983).

2. T. P. Cheng and L. F. Li, Gauge Theories of Elementary Particle Physics, Oxford University Press, London (1984).

3. S. Fukuda, Y. Fukuda, M. Ishitsuka (Super-Kamiokande Collaboration), Phys. Rev. Lett. 86, 5651 (2001).

4. Q. R. Ahmad et al. (SNO Collaboration), Phys. Rev.

Lett. 89, 011301 (2002).

5. K. Eguchi et al. (KamLAND collaboration), Phys. Rev.

Lett. 90, 021802 (2003).

6. D. J. Muller and S. Nandi, Phys. Lett. B 383, 345 (1996).

7. B. A. Dobrescu and P. J. Fox, JHEP 8, 100 (2008). 8. N. Arkani-Hamed and M. Schmaltz, Phys. Rev D 61, 033005 (2000).

9. R. N. Mohapatra and G. Senjanovic, Phys. Rev. Lett.

44, 912 (1980).

10. S. Weinberg, Phys. Rev. Lett. 43, 1566 (1979). 11. Rev. Mod. Phys. 81, 1199 (2008). 12. P. Langacker, arXiv:0909.3260 (2009).

13. S.-E. Ennadifi, A. Belhaj, and E. H. Saidi, Chin. Phys.

Lett. 28, 111201 (2011).

14. D. Berenstein, V. Jejjala, and R. G. Leigh, Phys. Rev.

Lett. 88, 071602 (2002).

15. R. Blumenhagen, M. Cvetic, P. Langacker, and G. Shiu, Ann. Rev. Nucl. Part. Sci. 55, 71 (2005).

Письма в ЖЭТФ том 100 вып. 1 – 2 2014