arXiv:hep-ph/0508061 v2 7 Aug 2005

IS IT POSSIBLE TO PREDICT THE SIGN OF THE MATTER-ANTIMATTER ASYMMETRY IN THE UNIVERSE?

Pavel Fileviez Pérez^∗ Centro de Física Teórica de Partículas. Departamento de Física. Instituto Superior Técnico. Avenida Rovisco Pais,1 1049-001 Lisboa, Portugal.

I investigate the possibility to define the sign of the leptonic asymmetry by the low energy parameters. It is shown that in the context of the minimal renormalizable SO(10) model the sign of the matter-antimatter asymmetry can be defined by the leptonic mixing and masses in the case of Type II see-saw.

The problem of the matter-antimatter asymmetry in the Universe is one of the most interesting problems in modern physics. There are many scenarios where we could explain the absence of antimatter in the Universe [1]. Baryogenesis via leptogenesis is one of the most popular mechanisms where it is possible to predict the baryon asymmetry in a very simple way [2].

In this letter we investigate the possibility to define the sign of the baryon asymmetry in the Universe in the context of the SO(10) models [3].

In minimal renormalizable SO(10) the Higgs sector is composed by 10_H and 126_H . In this model the Yukawa couplings for leptons are given by [4]:

Y_N = U^H_{11} Y_{10} − 3 U^H_{21} Y_{126} (1) Y_E = D^H_{11} Y_{10} − 3 D^H_{21} Y_{126} = E^∗_C Y^{diag}_E E^† (2)

where Y_N and Y_E are the Dirac Yukawa coupling matrices for neutrinos and charged leptons, respectively; U^H_{11} = v^u_{10}/v^u, D^H_{11} = v^d_{10}/v^d, U^H_{21} = v^u_{126}/v^u, and D^H_{21} = v^d_{126}/v^d. The parameters v_i are the expectation values entering in the theory. E_C and E are the matrices which diagonalize the Yukawa coupling matrix for charged leptons. Since the Yukawa couplings in this model are symmetric, E_C = EK_3. E^†N = K_e V_{P M N S}, where K_e and K_3 are matrices containing three CP violating phases, and N is the matrix which diagonalize the Yukawa coupling matrix for left-handed neutrinos.

In those models the so-called Type II see-saw [5] contribution for neutrino mass is given by:

M^{II}_ν = Y_{126} v_L (3)

∗Electronic address: fileviez@cftp.ist.utl.pt

while the mass of the right-handed neutrinos read as:

M_R = Y_{126} v_R (4)

with v_L and v_R the vacuum expectation values of the triplets Δ_L and Δ_R, respectively (for more details see reference [4]). Now, using the above equations we can write Y_N in the following way:

Y_N = c_1 V^T_{P M N S} K Y^{diag}_E V_{P M N S} + c_2 M^{II}_ν (5)

where K = K^2_e K^∗_3 , while c_1 and c_2 are given by:

c_1 =

U^H_{11} D^H_{11} (6)

c_2 = 3

(U^H_{11}D^H_{21} − U^H_{21}D^H_{11}) v_LD^H_{11} (7) Notice that we can choose the parameters c_1 and c_2 as real. Now, since the matrix K_3 is arbitrary or unphysical, we are allow to choose K_3 = K^2_e , i.e. we can rotate the right-handed charged leptons in such way that we can satisfy this relation. You could think about the possibility that those phases contribute to any physical process. For example, in the most important prediction coming from grand unified theories, in the decay of the proton, the phases in K_3 do not appear in the different proton decay channels [6]. Therefore, working in the Type II see-saw limit the above expression for Y_N read as:

Y_N = c_1 V^T_{P M N S} Y^{diag}_E V_{P M N S} + c_2 M^{diag}_ν (8)

Now let us investigate the implications for the different mechanisms of Baryogenesis via Leptogenesis [2] in the case of Type II see-saw.

In reference [7] the authors studied the different scenarios for leptogenesis in the context of left-right models. Let us analyze the cases when the Type II mechanism dominates. We have two cases [7]:

• Case a) M_{NK} << M_{ΔL} (take k = 1 for the lightest right-handed neutrino) In this case the lepton asymmetry is generated by the decays of the lightest right-handed neutrino. M_{NK} and M_{ΔL} are the right-handed neutrino and triplet masses, respectively. The sign of the lepton-asymmetry in this case is defined by:

sign(ϵ^{ΔL}_{N1} ) = −sign[ Im(Y_N M^{diag}_ν Y^T_N )_{11} ] (9)

• Case b) M_{ΔL} << M_{NK}

It is the so-called Triplet leptogenesis. Here the sign of the lepton asymmetry is given by:

sign(ϵ_{ΔL} ) = sign[ Im(Y^∗_N M^{diag}_ν Y^†_N )_{11} ] = sign(ϵ^{ΔL}_{N1} ) (10)

Now, since it has been shown before that in case of Type II see-saw, Y_N is given by the Eq. (8). Therefore we can conclude that the sign of the lepton-asymmetry could be defined by matrix V_{P M N S} and the leptonic masses. However, in those theories it is very difficult to predict the real parameters c_1 and c_2. The simplest way to predict the sign of the lepton asymmetry from the low energy parameters of the leptonic sector, is assuming that we have one massless neutrino, therefore the sign of the lepton asymmetry will be independent on the parameters c_1 and c_2.

In future neutrino experiments we will know about all CP violating phases in the leptonic sector. Therefore we will able to understand much better quantitatively the connection between the sign of the baryon asymmetry and the low energy parameters in the context of the minimal renormalizable SO(10) model.

The main conclusion of this Letter is that it is possible to find a direct connection between the sign of the matter-antimatter asymmetry and the low energy parameters of the leptonic sector in the context of the renormalizable minimal SO(10) theory if the Type II see-saw term for neutrino masses dominates. The sign of the matter-antimatter asymmetry in the Universe can be defined by the low energy physical quantities.

Acknowledgments

I would like to thank Gustavo C. Branco, R. Gonzalez Felipe, Thomas Hambye and Goran Senjanović for discussions and comments. I would like to thank G. Walsch for strong support.

[1] E. W. Kolb and M. S. Turner, The Early Universe, Addison-Wesley (1990) [2] M. Fukugita and T. Yanagida, Phys. Lett. B 174 (1986) 45. V. A. Kuzmin, V. A. Rubakov and M. E. Shaposhnikov, Phys. Lett. B 155 (1985) 36. For a review see: W. Buchmuller, R. D. Peccei and T. Yanagida, arXiv:hep-ph/0502169. A. Riotto and M. Trodden, Ann. Rev. Nucl. Part. Sci. 49 (1999) 35 [arXiv:hep-ph/9901362]. See also: G. C. Branco, R. Gonzalez Felipe, F. R. Joaquim, I. Masina, M. N. Rebelo and C. A. Savoy, Phys. Rev. D 67 (2003) 073025,[arXiv:hep-ph/0211001]. T. Hambye, arXiv:hep-ph/0412053 and references there.

[3] H. Georgi, in Particles and Fields, ed. C. E. Carlson (AIP, New York, 1975) 575. H. Fritzsch and P. Minkowski, Annals Phys. 93 (1975) 193.

[4] K. S. Babu and R. N. Mohapatra, Phys. Rev. Lett. 70 (1993) 2845 [arXiv:hep-ph/9209215].

C. S. Aulakh, B. Bajc, A. Melfo, G. Senjanović and F. Vissani, Phys. Lett. B 588 (2004) 196 [arXiv:hep-ph/0306242]. B. Bajc, A. Melfo, G. Senjanović and F. Vissani, Phys. Rev. D 70 (2004) 035007 [arXiv:hep-ph/0402122]. See also: B. Bajc, G. Senjanović and F. Vissani, Phys. Rev. Lett. 90 (2003) 051802 [arXiv:hep-ph/0210207]. H. S. Goh, R. N. Mohapatra and S. P. Ng, Phys. Rev. D 68 (2003) 115008 [arXiv:hep-ph/0308197]. K. S. Babu and C. Macesanu, arXiv:hep-ph/0505200 and references there.

[5] P. Minkowski, Phys. Lett. B 67 (1977) 421; T. Yanagida, proceedings of the Workshop on Unified Theories and Baryon Number in the Universe, Tsukuba, 1979, eds. A. Sawada, A. Sugamoto, KEK Report No. 79-18, Tsukuba. S. Glashow, in Quarks and Leptons, Cargèse 1979, eds. M. Lévy. et al., (Plenum, 1980, N ew York). M. Gell-Mann, P. Ramond, R. Slansky, proceedings of the Supergravity Stony Brook Workshop, New York, 1979, eds. P. Van Niewenhuizen, D. Freeman (North-Holland, Amsterdam). R. Mohapatra, G. Senjanović, Phys.Rev.Lett. 44 (1980) 912 [6] P. Fileviez Pérez, Phys. Lett. B 595 (2004) 476 [arXiv:hep-ph/0403286]. [7] T. Hambye and G. Senjanović, Phys. Lett. B 582 (2004) 73 [arXiv:hep-ph/0307237].