hep-ph/9911314 v2 14 Nov 1999

Large Right Handed Rotations, Neutrino Oscillations and Proton Decay^�

Yoav Achiman^† and Carsten Merten^‡

Department of Physics University of Wuppertal Gaußstr. 20, D–42097 Wuppertal Germany

October 1999

WUB 99-26

Abstract

Right Handed (RH) rotations are not observable in the standard model (SM). The freedom is used to give the phenomenologically correct mass matrices all kind of different forms and this is one of the reasons for the proliferation of models for the fermionic masses.

The SM must be however extended and in most extensions, RH currents appear at higher energy scales. At those energies the RH rotations are not irrelevant any more, they can affect neutrino oscillations, proton decay, baryon assymetry, R-parity violating interactions etc.

We study possible implications of large RH mixing in GUTs. Those are interesting not only because large mixing induce large effects. They are intimately related to large lepton mixing in GUTs, via a relation between LH mixing of the leptons and the RH ones of the d-quarks ,(“d � ℓ duality”) and can change considerably the branching ratios of proton decay. Observation of proton decay channels as well as neutrino oscillations will teach us about RH rotations and will reduce, therefore, considerably the freedom in the fermionic mass matrices. Some interesting examples are studied in detail. In particular a new E_6 model which realizes naturally a d - ℓ duality by mixing with exotic E_6 fermions.

∗Talk at the TAUP99 Paris, 6-10 Sept. 1999. To be published in JHEP. †e-mail:achiman@theorie.physik.uni-wuppertal.de ‡e-mail:merten@theorie.physik.uni-wuppertal.de

Superkamiokande [1] confirmed in this conference once again the observation that large neutrino mixing is responsible for the atmospheric neutrino anomaly. This leads to a puzzle: how can leptons have large left-handed (LH) mixing in clear contradiction with the small LH mixing of the quarks. I am emphasizing “LH mixing” because the fermions acquire also right-handed (RH) mixing. Those are unobservable in the standard model (SM) but may play an important role in its extensions [2] [3]. The aim of this talk is to emphasize the importance of RH rotations and the fact that they may be the solution of the mixing puzzle. In particular in terms of the duality observed in certain GUTs between d-quarks and charged leptons [4] [5] [6]:

RH rotations of d-quarks ←→ LH rotations of charged leptons LH rotations of d-quarks ←→ RH rotations of charged leptons.

This means that the observed large LH mixing of the leptons corresponds not to the LH mixing of the quarks but to their large RH mixing which is not observable in the SM. I would like to present in this talk some examples of this “duality” but before that let me explain what are the RH rotations and why they are important and “observable”.

What are RH rotations?

reiTo diagonalize a general complex (mass) matrix M one needs a bi-unitary transformation, i.e. two unitary matrices U_{L,R} , such that U_L^†MU_R = M_{diagonal} (1) or U_L^†MM^†U_L = (M_{diag.})^2 = U_R^†M^†MU_R . (2)

Only in the case of hermitian (symmetric) matrices is U_R related to U_L

M = M^†(M^T ) =⇒ U_R = U_L(U_L^∗) . (3)

RH fermions are singlets in the SM and only LH charged currents are involved in the weak interactions L_W = W_μu_Lγ^μV_{CKM} d_L + h.c. (4) where V_{CKM} = U^u_L^†U^d_L .

The neutral currents are not affected by RH mixing (as long as the U^′_Rs are unitary). However RH rotations are involved in many extensions of the SM, especially in GUTs. They affect therefore phenomena like:^1 (i) Proton decay, (ii) Neutrino oscillations, (iii) Leptogenesis via decays of RH neutrinos as the origin of baryon asymmetry [9], (iv) R-parity violating or leptoquark induced contributions, (v) Radiative corrections etc.

The SM must be extended (at least) to explain the origin of the fermionic mass matrices, hence: one cannot simply neglect the RH rotations.

1 Note, that the observation of RH contributions to B decay is still an open possibility [7]. Also, the Λb polarization observed in ALEPH [8] may be an indication for a RH effect.

Large RH mixing angles are not unnatural and can be induced via a symmetry. E.g. using P_{LR} invariance [10] – a generalization of Parity for gauge theories. One can show that a strong RH rotations of the light families will force the proton to decay mainly into kaons [3]

P −→ ν̄_μK^+ and P −→ μ^+K^0.

even without SUSY. But also in SUSY-GUTs the branching ratios of the proton decay will be drastically changed [11] [12].

Down-Lepton Duality

SU(5): The duality comes about naturally already in this minimal GUT. This is because the fermions are distributed in the families (¯5 + 10)^i, i = 1, 2, 3., in such a way that e_L and d_L^c are always in the same representation, but not e_L and d_L etc.

ψ(¯5) = ⃗dc e^− ν L χ(10) = ( ⃗u^c, ( ⃗u ⃗d ) , e^c)_L .

Hence, if only H¯5 and H5 are used to give the fermions masses, as e.g. in

y_{ij} ψ^i¯5 χ10^j < H¯5 >

one obtains the mass relation m^ℓ = (m^d)^T

which realizes the d - ℓ duality [4]. However, H¯5 and H5 alone cannot account for the masses of the light families and adding other Higgs representations will break this duality.

SO(10): The whole family (with ν_R) is here in one irrep. Ψ16, but there is a “memory” of SU(5) in the coupling. It is possible, therefore, to use combinations of symmetric and antisymmetric couplings to generate asymmetric mass matrices which give approximately the d - ℓ duality. This is usually done in terms of a broken U(1) family group and the use of non-renormalizable contributions [5]. However, the matrix elements are fixed in this framework only up to O(1) factors. This leads to factors [O(1)]^3 in the see-saw neutrino mass matrix, which means that this method is, in general, not suitable for predictions in the neutrino sector.

It is possible also to use models without non-renormalizable contributions and a conserved U(1) or Z_n. This symmetry dictates the couplings and the mass matrices textures such that the experimentally known parameters, i.e. masses and mixing of the quarks in addition to the masses of the charged leptons, dictate (up to one parameter) the properties of the neutrinos [13]. SO(10) is broken in this model, as follows: SO(10)^{MU}−→ SU_C(4) × SU_L(2) × SU_R(2)^{MI}−→ SM, (5) where M_U and M_I are fixed by the requirement of unification to be:

M_U = 1.31 × 10^{16} M_I = 6.14 × 10^{10} (6)

in terms of the required Higgs representations.

One can choose then the free parameter such that the solution will account for the observed atmospheric neutrino anomaly together with either large-angle MSW or small-angle

MSW. Also, specific predictions for the Proton (and Neutron) decay branching ratios are obtained, which differ from the conventional SO(10) prediction [14].

channel conventional LA MSW SA MSW (Kane + Karl) [15] (Achiman+Merten) (Achiman+Merten) e^+π^0 38% 21% 25% νπ 15% 35% 36%

e^+π^0

νπ 25 0.6 0.7 μ^+π^0 ∼ 0 8.5% 6% μ^+K^0 18% 2.6% 1% νK^+ ∼ 0 3.5% 2.3%

We see that the neutrino channels are enhanced with respect to the charged lepton ones.

τ(e^+π^0) = 10^{34±1.7}yrs, (7)

i.e. in the range of possible observation by s-kamiokande.

A new kind of model for the mass matrices in E_6 GUT [16][17].

E6: Under E_6 ⊃ SO(10) × U(1) one family decomposes as

27_{E6} = (16 + 10 + 1)_{SO(10)} .

The “exotic fermions” (10 + 1)_{SO(10)} are denoted as follows:

105_+¯5 = ( ⃗D, E^c, N^c) + ( ⃗D^c, N, E) ; 11 = L

(where D(E) are d(e)-like quarks(leptons)).

The main property of this model [18] is obtained by mixing the light fermions with these exotic ones:

One starts with all light mass matrices m_u,m_d,m_ℓ and m_{νD} diagonal and equal (via a light < H27 >). The heavy Higgs representations generate VEVs in a different direction. These give the exotic fermions heavy masses and mix them with the light ones. The mixing leads then to the “observed” mass matrices. In particular, m_d obtains off-diagonal contributions due to mixing with the D_i but m_u remains diagonal as there are no u-like exotic fermions. (Rosner [19] suggests that this is the reason why m_{di} < m_{ui} ). The special thing about this scenario is that it realizes naturally the d − ℓ duality. This is due to the opposite sign of the charges of the leptons (e(−1)) and the d-quarks (d(2/3)). In the Yukawa coupling d^cD goes therefore with E^ce and D^cd with e^cE [19][6]. I.e. the mixing of (d_i)^c corresponds to the mixing of e_i etc. Hence:

large RH mixing of d_i ←→ large LH mixing of e_i .

In contrast with SU(5) [4] or SO(10) [5] models the duality here is independent of the details of the Higgs representations.

Let me give now some more details of the model. The most general mass matrix of d, d^c, D, D^c [19] (d(I_L = 1/2) and d^c, D, D^c all have I_L = 0)

M_d = d D d^c D^c ( m M̄ m̄ M ) ,

m – the pure “light” 3 × 3 mass matrix (EW scale) m̄ – the “light” 3 × 3 mixed matrix (ΔI_L = 1/2 , EW scale) M – the pure “‘heavy” 3 × 3 mass matrix (ΔI_L = 0 , heavy exotic scale) M̄ – the mixed “heavy” 3 × 3 mass matrix (ΔI_L = 0 , heavy exotic scale). For the charged leptons we have (note that there are here different Clebsch-Gordan factors):

M_e = e E e^c E^c ( m_1 m̄_1 M̄_1 M_1 ) ,

To find the physical states, one must diagonalize the mass matrices. To get the LH rotations one uses :

M^†_d M_d = ( m^†m + m̄^†m̄ m^†M̄ + m̄^†M m^†M̄ + m̄^†M m̄^†M̄ + M^†M ) (8) and the RH rotations are obtained by diagonalization of:

M_dM^†_d = ( mm^† + M̄M̄^† mm̄^† + M̄M^† mm̄^† + M̄M^† m̄m̄^† + MM^† ) (9) If m, m̄ << M, M̄ , M^†_d M_d is similar to the see-saw matrix, so that d ≈ d_0 − m̄^2 M^2

D_0 D ≈ m̄^2 M^2 d_0 + D_0,

i.e very small heavy mixing.

For M_dM^†_d it is possible to use the same approximation only if m, m̄ << M̄ << M. In this case one obtains for the RH part:

d^c ≈ d^c_0 −

M̄ 2 M^2

D^c_0 D ≈

M̄ 2 M^2 d^c_0 + D^c_0,

i.e. the heavy-light RH mixing is in general larger.

The 3 × 3 light-light mixing matrices are in general not diagonal even if m was diagonal. They are also not unitary but for the LH mixing the deviation is very small O(^{m2}_{M 2} ). For the RH rotations however the deviations from unitarity are of O(^{M̄ 2}_{M 2} ). Those must be also small to avoid inconsistency with experimental limits on the neutral current and in particular from e^+e^− −→ Z −→ bb̄.^2 Very heavy M and/or small heavy-light mixing

2This is an indication that the scale of M should be quite high. Also, note that already^{M̄} =^1_{10} gives gbRδgbR ß 10^{−3}, hence the heavy scale difference must not be very large.

does not exclude large RH rotations. The Family mixing in the light-light matrix is more dependent on the light mixed matrix m̄.

One can show [18] that it is possible to choose the heavy mass matrices in such a way that the known masses and mixing are obtained (at least for two families).

Conclusions about RH rotations

d − ℓ duality, especially in E_6, is a natural explanation for the contradiction between the large LH mixing angles of the leptons and the small ones of the quarks.

Many models are known to be able to give the fermionic masses, V_{CKM} , ν- properties etc. (within the experimental errors). This is only an indication that the mass question is far from from being solved. Part of the problem is related to the fact that those models disregard the RH rotations.

The hope is that correlations between neutrino physics, proton decay, leptogenesis, baryon assymetry etc. will tell us something about the RH rotations. This will limit considerably the freedom in the fermionic mass matrices.

Many recent models use asymmetric mass matrices which induce large RH mixing. One cannot simply neglect this fact and must consider possible implication of the RH rotations to have a complete model.

References

[1] M. Nakahata, in this proceeding.

[2] Y. Achiman, “RH Mixing Observable?”, talk at the Corfu Summ. Inst. on Elem. Part.

Phys.,1998, hep-ph/9812389.. To be published in JHEP.

[3] For the original papers on Proton Decay with large RH mixing see: Y. Achiman and J. Keymer, Wuppertal Preprint WU-B-83-16, contr. paper #275 to Int. Symp. on Lepton and Photon Ints., Cornell 1983; J. Keymer, Diplomarbeit, Wuppertal University; Y. Achiman and S. Bielefeld, Phys. Lett. B 412 (1997) 320.

[4] G. Altarelli and F. Feruglio, Phys. Lett. B 451 (1998) 388; Z.Berezhiani and A. Rossi.

hep-ph/9811447; S.Lola and G. G. Ross, hep-ph/9902283.

[5] C.H. Albright, K.S. Babu and S. M. Barr, Phys. Rev. Lett. 81 (1998) 1167; C.H. Albright and S. M. Barr, Phys. Rev. D 58 (1998) 013002; Y. Nomura and T. Yanagida, hep-ph/9807325.

[6] See also, M. Bando and T. Kugo, hep-ph/9902204.

[7] M. Gronau and S. Wakaizumi, Phys. Rev. Lett. 68 (1992) 1814; R. Mohapatra and S. Nussinov, Phys. Lett. B 339 (1994) 101; for other papers and review see T.J. Rizzo, Phys. Rev. D 58 (1998) 055009.

[8] D. Buskulic et al., ALEPH Collaboration, Phys. Lett. B 365 (1996) 367 and Phys.

Lett. B 365 (1996) 437.

[9] M. Fukugita and T. Yanagida Phys. Lett. B 174 (1986) 45; for recent papers and references therein see: W. Buchmüller and M. Plümacher, Phys. Lett. B 389 (1996) 73; M. Flanz, E. A. Paschos, U. Sarkar and J. Weiss, Phys. Lett. B 389 (1996) 693.

[10] Y. Achiman, Phys. Lett. B 70 (1977) 187; Y. Achiman and B. Stech, in New Phenomena in Lepton-Hadron Physics, edited by D.E.C. Fries and J. Wess (Plenum Publishing Corporation, 1979), p. 303; P. Minkowski, Nucl. Phys. B 138 (1978) 527.

[11] K.S. Babu, J.C. Pati and F. Wilczek, hep-ph/9812538. [12] Y. Achiman and M. Richter, in preparation. [13] Y. Achiman and C. Merten, in preparation.

[14] P. Langacker, Phys. Rep. 72 C (1981) 187; in Inner Space and Outer Space, edited by E. Kolb et al. (University of Chicago Press, Chicago, 1986), p. 1; D.G. Lee, R.N. Mohapatra, M.K. Parida and M. Rani, Phys. Rev. D 51 (1995) 229.

[15] G. Kane and G. Karl, Phys. Rev. D 22 (1980) 2808. [16] F. Gürsey, P. Ramond and P. Sikivie, Phys. Lett. B 60 (1976) 177;

Y. Achiman and B. Stech, Phys. Lett. B 77 (1978) 389.

[17] For review see: J. Rosner, Comments on Nucl. Part. Phys. 15(86)195;

J.L. Hewett and T.G. Rizzo, Phys. Rep. 183 C (1989) 193. [18] Y. Achiman, in preparation. [19] J. Rosner, hep-ph/9907438.