arXiv:hep-ph/0005135 15 May 2000

Neutrino Oscillations and their Origin - 1 ——1

Neutrino oscillations in high energy cosmic neutrino flux

Osamu Yasuda Department of Physics, Tokyo Metropolitan University, 1-1 Minami-Osawa Hachioji, Tokyo 192-0397, Japan, yasuda@phys.metro-u.ac.jp

Abstract

I discuss the effects of neutrino oscillations on high energy cosmic neutrinos which come from cosmologically distant astrophysical sources. I incorporate all the up-to-date constraints from the solar, atmospheric, reactor, accelerator data and give the possible pattern for the ratio of the high energy cosmic neutrinos in the cases of three and four neutrino schemes.

1. Introduction

A lot of attention has been focused on high energy neutrinos (E ≥ 10^6 GeV) which come from cosmologically distant astrophysical sources such as Active Galactic Nuclei and Gamma Ray Burst fireballs (typical distance is 100 Mpc), since they can be distinguished from atmospheric neutrinos for such high energies and identification of flavors of neutrinos may be possible in new km^2 surface area neutrino telescopes [1, 2]. The effects of neutrino oscillations on the high energy cosmic neutrinos have been discussed in the past [1, 4, 5], and the purpose of this talk is to update the analysis by taking into account all the constraints from the solar, atmospheric, reactor and accelerator data in the three or four neutrino framework (This talk is based on the work [6]).

2. Analysis

Since the path length of neutrinos is much larger than any possible neutrino oscillation length which is suggested from the solar, atmospheric or LSND data for the energy E_ν ∼ 10^6 GeV, I will average over rapid oscillations throughout this talk. Then the oscillation probability is given by

P (ν_α → ν_β ; L = ∞) = δ_{αβ} − ∑ j6=k U�_{αj} U_{βj} U_{αk}U�_{βk} = ∑ j |U_{αj} |^2|U_{βj} |^2, (1)

where U_{αk} stands for the MNS mixing matrix and I have ignored odd functions in sin(Δm^2_{ij}L/4E) which oscillate rapidly as L → ∞.

cfl 2000 by Universal Academy Press; Inc:; Tokyo

The electron and muon neutrinos are mainly produced in the decay chain of charged pions whereas the tau neutrinos are mainly produced in the decay chain of charmed mesons at a suppressed level [3]. The ratio of the intrinsic high energy cosmic neutrinos flux is typically F^0(ν_e) : F^0(ν_μ) : F^0(ν_τ ) = 1 : 2 : < 10�^5. For simplicity I assume that the ratio is F^0(ν_e) : F^0(ν_μ) : F^0(ν_τ ) = 1 : 2 : 0. Thus the ratio of flux of neutrinos in the far distance is given by

F (ν_e) F (ν_μ) F (ν_τ ) = P F^0(ν_e) F^0(ν_μ) F^0(ν_τ ) = P 1 2 0 F^0(ν_e), (2)

where a matrix P has components (P )_{αβ} = P (ν_α → ν_β ; L = ∞) (See (1)).

Since currently we do not know the precise total cosmic neutrino flux I will mainly focus my discussion on the ratio of different flavors of neutrinos. To plot the ratio of the three neutrino flavors, I introduce a triangle representation. Fig. 1 is a unit regular triangle and the position of the point gives the ratio of the high energy neutrino flux, where F_α ≡ F (ν_α) is given by (2).

In the three flavor framework, because of the constraint of the CHOOZ data [7] and the atmospheric neutrino data of Superkamiokande and Kamiokande, it has been known that |U_{e3}|^2 is small and |U_{μj} |^2 ≃ |U_{τ j}|^2| (See, e.g., [8]). Using the allowed region for |U_{αj}|^2 (α = e, μ, τ ) in the atmospheric neutrino analysis of [8] and in solar neutrino analysis of [9], the possible ratio of the high energy neutrino flux is calculated numerically and is given in Fig. 2. The allowed region is a small area around the midpoint F (ν_e) = F (ν_μ) = F (ν_τ ) = 1/3.

In the four neutrino scheme one needs in principle tetrahedron to express the ratio of the four neutrino flux, but since we do not observe the cosmic sterile neutrino I normalize the flux of each active neutrino by the total flux of active ones: ~F (ν_e) ~F (ν_μ) ~F (ν_τ ) ≡ 1 F (ν_e) + F (ν_μ) + F (ν_τ )

F (ν_e) F (ν_μ) F (ν_τ ) . (3)

After redefining the flux this way ( ~F → F ), we can plot the ratio of each active neutrino with the same triangle graph as in the three neutrino case.

If one demands that the number N_ν of effective neutrinos in Big Bang Nucleosynthesis (BBN) be less than 4, then it can be shown [10] that the 4 × 4 MNS mixing matrix splits into two 2 × 2 block diagonal matrices. In this case the ratio is given by a small region depicted in Fig. 3.

On the other hand, some people [11] give conservative bound for N_ν , and without the BBN constraint N_ν < 4 the only restrictions come from the solar and atmospheric neutrino data. The analysis of the solar neutrino data in the four neutrino scheme with ansatz U_{e3} = U_{e4} = 0 has been done recently in [12]. The analysis of the atmospheric neutrino data in the four neutrino framework has been done in [13] again with ansatz U_{e3} = U_{e4} = 0. Using these results, the ratio of the high energy cosmic neutrinos is evaluated and is given in Fig. 4 which has much wider allowed region than any other case. This scheme may be distinguished from others if one has good precision in future experiments.

I would like to thank hospitality of Summer Institute 99 at Yamanashi, Japan where this work was started. This research was supported in part by a

Grant-in-Aid for Scientific Research of the Ministry of Education, Science and Culture, #12047222, #10640280. References [1] J. G. Learned and S. Pakvasa, Astropart. Phys. 3 (1995) 267. [2] T. J. Weiler et al., hep-ph/9411432; F. Halzen and G. Jaczko, Phys. Rev. D 54, 2779 (1996); R. Gandhi, C. Quigg, M. H. Reno and I. Sarcevic, Astropart. Phys. 5, 81 (1996); Phys. Rev. D 58, 093009 (1998); F. Halzen and D. Saltzberg, Phys. Rev. Lett. 81, 4305 (1998); J. Capelle et al., Astropart. Phys. 8, 321 (1998); J. Kwiecinski, A. D. Martin and A. M. Stasto, Phys. Rev. D 59, 093002 (1999); S. Iyer, M. H. Reno and I. Sarcevic, Phys. Rev. D 61, 053003 (2000); D. Fargion, astro-ph/0002453 and the references therein; F. Becattini and S. Bottai, astro-ph/0003179.

[3] See, for example, E. Waxman, astro-ph/9911395 and references therein. [4] H. Athar, hep-ph/9912417; hep-ph/0001128; hep-ph/0004083. [5] L. Bento, P. Keränen and J. Maalampi, Phys. Lett. B 476 (2000) 205. [6] H. Athar, M. Jeżabek and O. Yasuda, hep-ph/0005104.

[7] M. Apollonio et al., Phys. Lett. B 338 (1998) 383; Phys. Lett. B 466 (1999) 415 .

[8] O. Yasuda, Acta Phys. Pol. B30 (1999) 3089. [9] G. L. Fogli, E. Lisi and D. Montanino, hep-ph/9912231.

[10] N. Okada and O. Yasuda, Int. J. Mod. Phys. A 12 (1997) 3669; S. M. Bilenky, C. Giunti, W. Grimus and T. Schwetz, Astropart. Phys. 11 (1999) 413.

[11] C. J. Copi, D. N. Schramm and M. S. Turner, Phys. Rev. Lett. 75, 3981 (1995); K. A. Olive and G. Steigman, Phys. Lett. B354, 357 (1995); P. J. Kernan and S. Sarkar, Phys. Rev. D 54, R3681 (1996); S. Sarkar, Rep. on Prog. in Phys. 59, 1 (1996).

[12] C. Giunti, M. C. Gonzalez-Garcia and C. Peña-Garay, hep-ph/0001101. [13] O. Yasuda, “Four neutrino oscillation analysis of atmospheric neutrino data”, to appear.