ISSN 1330Ű0016 CODEN FIZBE7

LETTER TO THE EDITOR

COULD NEUTRINO FLAVOURS BE SUPERPOSITIONS OF MASSIVE, MASSLESS AND TACHYONIC STATES?

ANDREA RASPINI

Department of Physics, SUNY at Fredonia, Fredonia, NY 14063, USA Electronic mail: Raspini@Fredonia.EDU

Received 4 April 1998; Accepted 15 June 1998

It is suggested that neutrino ~avours might result from linear unitary superpositions of mass eigenstates of different types: massive, massless and tachyonic. The number of ~avours (three) appears to be prescribed at the onset of the formulation.

PACS numbers: 03.65.Pm, 12.15.Ff, 14.60.Pq UDC 530.145, 539.183 Keywords: neutrino ~avours, unitary superpositions of mass eigenstates

In a previous paper [1], a modi^ed Dirac equation with two mass parameters was discussed. Under the constraint that one of the two parameters be non-vanishing, a 12- spinorial equation was derived [1], which describes three possible mass states of a particle: massive, left-handed massless and tachyonic. This equation may be cast in the form

i Γ^α∂_αΨ(x) = MΨ(x). (1)

Here, units are such that h̄ = c = 1. The relevant notation and conventions are spelled out in the following.

(i) Greek (Latin) indices run through the values 0,1,2,3 (1,2,3), unless otherwise indicated. The summation convention is applied to repeated up and down indices.

(ii) The frame of reference X of the real space-time coordinates x = {x^μ} has pseudoeuclidean metric g^{μν} = diag{+1, −1, −1, −1}. The Şspace-indexŤ S and the ŞtimeindexŤ T of X are so de^ned [1]: S = 0 if s = {x^k} is a right-handed triplet (S = 1 otherwise), and T = 0 if t = x^0 runs forward (T = 1 otherwise).

(iii) The 4×4 Dirac matrices γ^μ (in a ^xed chosen representation) obey the usual rules

γ^μγ^ν + γ^νγ^μ = 2g^{μν}I, and (γ^μ)y = γ^0γ^μγ^0, (2)

where I is the 4 × 4 identity matrix. The Dirac matrix γ^5 = i γ^0γ^1γ^2γ^3 is hermitian and unitary, and anticommutes with all γ^μ.

(iv) For any 4 × 4 Dirac matrix γ, the corresponding 12 × 12 notation (in 4 × 4 blocks) is as follows [1]: Γ = diag{γ, γ, γ}. (3) The 12-spinorial notation is as follows [1]:

Ψ(x) = column{ψ�_1(x), ψ_0(x), ψ_1(x)}, (4)

where each ψ_σ(x) (σ = −1, 0, 1) is a complex four-spinor.

(v) In 4 × 4 blocks, the 12 × 12 matrix M at the right-hand side of Eq. (1) has the structure [1]

M = diag n_{mI, m} 2 (I − ϵγ^5), −mϵγ^5 o_{, (5)}

where ϵ = (−1)^{T +S} and m > 0.

Equation (1) decouples into three equations on the four-spinors ψ_σ(x):

i γ^α∂_αψ�_1(x) = mψ�_1(x), (6)

i γ^α∂_αψ_0(x) = m 2 (I − ϵγ^5)ψ_0(x), (7)

i γ^α∂_αψ_1(x) = −mϵγ^5ψ_1(x). (8)

Each spinor ψ_σ(x) is a mass eigenstate. That is, an eigenstate of the operator P^2 = −∂_αg^{αβ}∂_β for the eigenvalue −σm^2. Thus, if m were the electron mass, Eq. (6) would describe electrons, Eq. (7) would describe massless electron neutrinos and Eq. (8) would describe hypothetical tachyonic electrons. This is how Eq. (1) was meant to be interpreted in Ref. 1. In fact, Eq. (7) was later discussed in more details in Ref. 2, but from the same viewpoint: it does provide a consistent formalism for the study of massless left-handed neutrinos (and this modi^ed massless Dirac equation^1 does not generate a Şsuper~uousŤ conserved right-handed current).

Since neutrinos (of the three ~avours) are regarded as massless by some, massive by others and tachyonic in recent experiments [5], I would like to point out how the aim of Eq. (1) may be changed, in order to accommodate these ^ndings and possibilities. Speci^cally, Eqs. (6Ű8) can be re-interpreted as describing three types of neutrinos, each being a mass eigenstate (massive, left-handed massless and tachyonic). Flavour eigenstates of the three known ~avours (electron, muon, tau) could result as linear unitary superpositions of the mass eigenstates, in a way that is similar to Pontecorvo’s treatment of neutrino oscillations [6]. Thus, if the symbol ϕ_ω(x) denotes the four-spinors representing the ~avour eigenstates (ω = −1, 0, 1), one would have

ϕ_ω(x) = u^σ_ωψ_σ(x), (9)

where u^σ_ω is some 3 × 3 unitary matrix of constant coef^cients (the ŞmixingŤ parameters). In the 12-spinorial notation, this is equivalent to

Φ(x) = UΨ(x), (10)

with U being the unitary 12 × 12 matrix formed by the 4 × 4 blocks u^σ_ωI. The resulting equation of motion for Φ(x) is as follows:

i Γ^α∂_αΦ(x) = FΦ(x), where F = UMUy. (11)

In principle, in the framework of Eqs. (9) and (10), each neutrino ~avour would have three possible outcomes for measurements of the squared four-momentum: m^2, 0 and −m^2 (each with a certain probability depending on the values of the relevant mixing coef- ^cients). Also, according to Eq. (11), ~avour oscillations should occur during propagation. The experimental input would be needed to determine both the essential mixing parameters and m. On the other hand, the number of ~avours appears to be clearly and uniquely prescribed.

References

1) A. Raspini, Fizika B 5 (1996) 159; 2) A. Raspini, Fizika B 6 (1997) 123;

3) Z. Tokuoka, Progress of Theoretical Physics 37 (1967) 603; 4) N. D. S. Gupta, Nuclear Physics B 4 (1967) 147;

5) E. J. Jeong, University of Texas Report UT-AG-041-97 (1997), unpublished; 6) V. Gribov and B. Pontecorvo, Physics Lett. B 28 (1969) 493.

1Thanks to Prof. Valeri V. Dvoeglazov (Escuela de Fisica, Universidad Autonoma de Zacatecas, Mexico), I have recently learned of precedents for Eq. (7) (see Refs. 3 and 4).

DA LI SU NEUTRINSKI OKUSI LINEARNA KOMBINACIJA MASENIH, BEZMASENIH I TAHIONSKIH STANJA?

Predla“ze se da bi neutrinski okusi mogli biti linearna unitarna kombinacija svojstvenih stanja razli“citih vrsta: masenih, bezmasenih i tahionskih. “Cini se da je broj okusa (tri) odredŰenim polaznom formulacijom.