arXiv:hep-ph/0304221 v2 29 Apr 2003

Oscillations do not distinguish between massive and tachyonic neutrinos

Paweł Caban,^∗ Jakub Rembieliński,^† Kordian A. Smoliński,^‡ and Zbigniew Walczak^§ Department of Theoretical Physics, University of Łódź, ul. Pomorska 149/153, 90-236 Łódź, Poland (Dated: April 29, 2003)

It is shown that the hypothesis of tachyonic neutrinos leads to the same oscillations effect as if they were usual massive particles. Therefore, the experimental evidence of neutrino oscillations does not distinguish between massive and tachyonic neutrinos.

PACS numbers: 14.60.Pq, 14.60.St Keywords: neutrino oscillations, tachyonic neutrinos

In the last two decades one of the most interesting problems in the particle physics is the issue of neutrino masses [1]. The flavor oscillations [2, 3] are the indirect evidence for non-zero neutrino masses. On the other hand, the experiments devoted to direct measurement of the neutrino mass permanently yield the negative mass squared for the electron neutrino [4, 5] and the muon neutrino [6] (for a review, see also [7]). In particular, the most sensitive neutrino mass measurement involving electron antineutrino, is based on fitting the shape of beta spectrum. An as yet not understood event excess near the spectrum endpoint can be explained [8, 9] on the ground of the hypothesis of the tachyonic neutrinos [10]. The above hypothesis can be also helpful in explanation of some effects in cosmic ray spectrum [11, 12, 13]. From the theoretical point of view, this hypothesis can be formulated consistently only in the framework of the absolute synchronization scheme [14, 15] which needs the notion of preferred frame.

The aim of this report is to compare the flavor change effect for the massive and tachyonic neutrinos. Calculations will be performed in the preferred frame, in which the metric tensor has the standard Minkowskian form.

Let us consider three flavors of neutrinos. We shall denote the neutrino flavor states by

|ν_e⟩ = 1 0 0 ⊗|⃗p⟩, |ν_μ⟩ = 0 1 0 ⊗|⃗p⟩, |ν_τ ⟩ = 0 0 1 ⊗|⃗p⟩. (1) The |⃗p⟩ denotes the vector from the representation space of the Poincaré group, corresponding to the momentum ⃗p.

In the basis (1) the free Hamiltonian describing neutrinos can be written as

H = U^†H_0U, (2)

where U is a 3 × 3 unitary mixing matrix, acting in each subspace of the Hilbert space determined by momentum ⃗p, and the Hamiltonian H_0 in the mass eigenstates basis is of the form

∗ Electronic address: P.Caban@merlin.fic.uni.lodz.pl † Electronic address: J.Rembielinski@merlin.fic.uni.lodz.pl ‡ Electronic address: K.A.Smolinski@merlin.fic.uni.lodz.pl § Electronic address: Z.Walczak@merlin.fic.uni.lodz.pl

H_0 = √ ⃗p^2 ± m^2_1 0 0 0 √ ⃗p^2 ± m^2 0 0 0 √ ⃗p^2 ± m^2_3

. (3)

Here m^2_j ( j = 1, 2, 3) are the absolute values of the squares of neutrino four-momenta and the choice of the sign corresponds to the massive (+) and tachyonic (−) case, moreover, |⃗p| > max_j m_j in the tachyonic case.

Following the standard procedure, we consider the time evolution of the neutrino state. Assume that the initial state |ν_i⟩ (i = e, μ, τ) is an eigenstate of the fractional lepton number operator. Thus, after time t the probability that we get the neutrino ν_k is given by

P_{νi →νk} (t) = | |⟨ν_k|U^†e^{−itH}0U|ν_i⟩ | |^2 . (4)

Now, taking (4) in the limit |⃗p| ≫ m_j, we can expand the matrix elements of the Hamiltonian as follows √ ⃗p^2 ± m^2_i ≃ p ± m^2_i 2p . (5)

Using (5) we obtain from (4)

P_{νi→νk} (t) = | | | | | 3 ∑_{j=1}^{u∗}jk^u ji^{e∓ it2p m2j} | | | | | 2 . (6)

On introducing the polar representation such that

u^∗_{2k}u_{2i}u_{3k}u^∗_{3i} = r_1(i, k)e^{iθ1(i,k)}, (7a)

u^∗_{3k}u_{3i}u_{1k}u^∗_{1i} = r_2(i, k)e^{iθ2(i,k)}, (7b)

u^∗_{1k}u_{1i}u_{2k}u^∗_{2i} = r_3(i, k)e^{iθ3(i,k)}, (7c) and ω_1 = m^2 − m^2_3 2p , ω_2 = m^2_3 − m^2_1 2p , ω_3 = m^2_1 − m^2 2p , (8)

we can write (6) in the following form:

P_{νi→νk} (t) = 3 ∑_{j=1}^{|u} jk^{|2|u} ji^{|2 + 2 3}∑_{j=1}^r j^{(i, k) cos[ω} j^{t ± θ} j^{(i, k)],} (9)

2 where, as before, the signs + and − correspond to massive and tachyonic neutrinos, respectively. In particular, if k = i then θ_j(i, i) = 0 ( j = 1, 2, 3) and

P_{νi→νi} (t) = 3 ∑_{j=1}^{|u} ji^{|4 + 2 3}∑_{j=1}^r j^{(i, i) cos(ω} j^{t), (10)}

so this probability is the same for massive and tachyonic neutrinos.

We have shown that the only difference between the neutrino oscillations in the massive and tachyonic case lies in the initial phase of oscillations θ_j(i, k). Moreover, the initial phases for tachyonic case are obtained by taking the complex conjugations of the elements of mixing matrix for the massive case (see Eqs. (7)). In the oscillation experiments we cannot decide wheter we should take the mixing matrix U or its complex conjugation U^∗ without taking into account the nature of the neutrinos. More precisely, we can explain the oscillations for massive or tachyonic neutrinos simply by the different choice of the mixing matrix (U or U^∗). Therefore, the experimental evidence of neutrino oscillations does not distinguish between massive and tachyonic neutrinos which, together with other experiments [4, 5, 6] leave the question of tachyonic character of the neutrinos still open.

[1] G. Gelmini and E. Roulet, Rep. Prog. Phys. 58, 1207 (1995). [2] M. F. Altmann, R. L. Mößbauer, and L. J. N. Oberauer, Rep.

Prog. Phys. 64, 97 (2001).

[3] M. Beuthe, Phys. Rep. 375, 105 (2003).

[4] V. M. Lobashev, V. N. Aseev, A. I. Belesev, A. I. Berlev, E. V.

Geraskin, A. A. Golubev, O. V. Kazachenko, Y. E. Kuznetsov, R. P. Ostroumov, L. A. Rivkis, et al., Phys. Lett. B 460, 227 (1999).

[5] C. Weinheimer, B. Degenddag, A. Bleile, J. Bonn, L. Bornschein, O. Kazachenko, A. Kovalik, and E. W. Otten, Phys. Lett. B 460, 219 (1999).

[6] K. Assamagan, C. Brönnimann, M. Daum, H. Forrer, R. Frosch, P. Gheno, R. Horisberger, M. Janousch, P.-R. Kettle, T. Spirig, et al., Phys. Rev. D 53, 6065 (1996).

[7] K. Hagiwara, K. Hikasa, K. Nakamura, M. Tanabashi, M. Aguilar-Benitez, C. Amsler, R. M. Barnett, P. R. Burchat,

C. D. Carone, C. Caso, et al., Phys. Rev. D 66, 010001 (2002). [8] J. Ciborowski and J. Rembieliński, in Proceedings of the 28th International Conference on High Energy Physics, edited by Z. Ajduk and A. K. Wróblewski (World Scientific, Singapore, 1997), vol. II, pp. 1247–1250.

[9] J. Ciborowski and J. Rembieliński, Eur. Phys. J. C 8, 157 (1999).

[10] A. Chodos, A. I. Hauser, and V. A. Kostelecký, Phys. Lett. B 150, 431 (1985).

[11] R. Ehrlich, Phys. Rev. D 60, 017302 (1999). [12] R. Ehrlich, Phys. Rev. D 60, 073005 (1999). [13] R. Ehrlich, Phys. Lett. B 493, 229 (2000). [14] J. Rembieliński, Int. J. Mod. Phys. A 12, 1677 (1997). [15] P. Caban and J. Rembieliński, Phys. Rev. A 59, 4187 (1999).