Pis’ma v ZhETF, vol. 79, iss. 6, pp. 307 { 310 © 2004 March 25

Neutrino flavour relaxation or neutrino oscillations?

I. N. Machulin^{1)}, S. V. Tolokonnikov^{1)}

Russian Research Centre “Kurchatov Institute”, 123182 Moscow, Russia

Submitted 22 January 2004 Resubmitted 17 January 2004

We propose the new mechanism of neutrino ‚avour relaxation to explain the experimentally observed changes of initial neutrino ‚avour ‚uxes. The test of neutrino relaxation hypothesis is presented, using the data of modern reactor, solar and accelerator experiments. The ˛nal choice between the standard neutrino oscillations and the proposed neutrino ‚avour relaxation model can be done in future experiments.

PACS: 14.60.−z, 76.20.+q

Now the phenomena of changes in initial neutrino flavour flux is observed in different neutrino experiments. The SNO experiment [1] evidently detects only 1/3 part of initial electron neutrino flux from the Sun and 2/3 part of muon and(or) tau neutrino fluxes. The Kamland reactor experiment [2] detected only 61% of expected electron antineutrino events from different reactors at mean distance of 180 km. Convincing evidence of initial neutrino flavour flux changes is observed also in Super-K [3] and MACRO [4] atmospheric neutrino data and K2K [5] accelerator experiment with muon neutrinos.

The standard common way of interpreting these results lies in neutrino oscillation hypothesis, first proposed by Bruno Pontecorvo [6] and developed in further works[7].

Here we discuss the alternative mechanism of neutrino flavour relaxation, which can also describe the observed changes of initial neutrino flavour fluxes with distance.

The proposed model is similar to the mechanism [8] of spin relaxation in random fluctuating magnetic field

B with zero average < B(t) >= 0 and mean square fluc-

tuating field value < B^2(t) >≠ 0. The spin relaxation process is described by W.Pauli master equation [9].

Let us assume the existence of some small random fluctuating vacuum field ^V , causing the transitions between different lepton flavours. The field ^V can have mean zero value, with < ^V^2(t) > different from 0 and Γ =< ^V^2 >^{1/2} > m_{νe} , m_{νμ} , m_{ντ} . Interactions of neutrino flavours with such vacuum field should lead to flavour relaxation process.

The time evolution of the neutrino states are governed by the Shrodinger equation:

1)e-mail: machulin@in2p3.fr, tolkn@mbslab.kiae.ru

i d dt | ν(t) >= ^H(t)| ν(t) > , (1) where | ν(t) > is the neutrino vector of state and H(t) is the time-dependent Hamiltonian of the system, which form depends on in what basis it is given.

In flavour basis the total Hamiltonian in the random fluctuating vacuum field for rest reference frame can be written as

^H_f (t) = ^H_m + ^V_f (t) , (2)

where ^H_m = m_1 0 0 0 m_2 0 0 0 m_3 ,

^V_f (t) = V_{ee}(t) V_{eμ}(t) V_{eτ} (t) V_{μe}(t) V_{μμ}(t) V_{μτ} (t) V_{τ e}(t) V_{τ μ}(t) V_{τ τ} (t) . (3)

Here H_m is the free Hamiltonian in mass basis. Note, that in this model the neutrino flavour states are assumed to be the same as their massive states (or in other words the mixing mass matrix is diagonal).

V_{αα}0 (α = e, μ, τ) is the vacuum field potential with mean value < V_{αα}0 (t) >= 0 and < (V_{αα}0 (t))^2 >≠ 0.

The neutrino flavour evolution in time can be obtained from Eq. (1)–(3), using the density matrix approach [10] and is given by Pauli master equation: d dt n_{νe} n_{νμ} n_{ντ} = (4)

−(W_{μe} +W_{τ e}) W_{eμ} W_{eτ} W_{μe} −(W_{eμ} +W_{τ μ}) W_{μτ} W_{τ e} W_{τ μ} −(W_{eτ} +W_{μτ} ) n_{νe} n_{νμ} n_{ντ} ,

Ŕĺśĳňă ć ĘİŠŤ šőň 79 ćżŕ. 5 { 6 2004 307 5� where n_α(t) (α = ν_e, ν_μ, ν_τ ) are the probability of observing neutrino with electron, muon or tau flavour, W_{αα}0 corresponds to the neutrino transition rates from flavour α0 to flavour α and ∑ α=ν_e ,ν_μ ,ν_τ n_α(t) = 1 .

The general solution of Eq. (4) is given by the sum of two exponents and constant: n_{νe} (t) n_{νμ} (t) n_{ντ} (t) =

= a_1 a_2 a_3 + b_1 b_2 b_3 e�t/T1_+ c_1 c_2 c_3 e�t/T2_{, (5)}

with 3∑ i=1 a_i = 1, 3∑ i=1 b_i = 0, 3∑ i=1 c_i = 0 . (6)

To illustrate the possibilities of the relaxation model the particular “simple” solution can be found under the following assumptions:

a) W_{eμ} = W_{μe}, W_{eτ} = W_{τ e}, W_{μτ} = W_{τ μ}, b) W_{μτ} ≫ W_{eμ}, W_{eτ} . Now Eq. (5) looks as: n_{νe} (t) n_{νμ} (t) n_{ντ} (t) = 1/3 1/3 1/3 + b 0 1 −1 e�2Wμτ t_+

+ c −1 1/2 1/2 e�3/2(Weμ +Weτ )t_{. (7)}

For γ = E_ν /m_ν ≫ 1 the probability P of observing the neutrino flavour with energy E_ν at distance r from the source is given by: P_{νe} (r) P_{νμ} (r) P_{ντ} (r) = 1/3 1/3 1/3 + b 0 1 −1 e�r/Λ0Eν_+

+ c −1 1/2 1/2 e�r/Λ1Eν_{. (8)}

where we use the new notation Λ_0 = (2W_{μτ} m_ν )�^1 and Λ_1 = 2/3[(W_{eμ} + W_{eτ} )m_ν ]�^1.

Equation (8) can be solved for different initial experimental conditions of neutrino flavour fluxes.

For initial pure electron neutrino or antineutrino flux (the case of solar or reactor experiments) P_{νe} (0) = 1, P_{νμ} (0) = P_{ντ} (0) = 0 the solution is:

P_{νe} (r) = 1/3[1 + 2 e�^{r/Λ1Eν} ] , P_{νμ} (r) = 1/3[1 − e�^{r/Λ1Eν} ] , P_{ντ} (r) = 1/3[1 − e�^{r/Λ1Eν} ] . (9)

From Kamland experiment data [2] it is possible to estimate the value of Λ_1 parameter. Taking the effective energy of reactor antineutrino flux to be equal to 4.8 MeV (here we take into account the threshold of Kamland detector E e_{νe} > 3.4 MeV), mean reactor distance 180 km and R = P e_{νe (measured)}/P e_{νe (expected)} = 0.61 we obtain Λ_1 = 43 km/MeV .

Fig.1 illustrates the distance dependence of reactor antineutrino fluxes ( for Ee_ν = 4.8 MeV).

Fig.1. Probability to observe di¸erent ‚avours from reactor for E~˚ = 4.8 MeV

The final flavour survival probability 1/3 is consistent with the SNO [1] experimental data with the ratio of measured neutrino flavour fluxes CC NC = 0.306 ± 0.026(stat) ± 0.024(syst) , (10)

and with the absence of distortion in measured neutrino spectrum at low energies, while such distortion is predicted by LMA solution [11] .

It agrees also with the Homestake results [12] for the ratio R of observed and predicted by Standard Solar Model (SSM) [13] neutrino rates: R = 0.34 ± 0.03.

The deviation from “simple” relaxation model exists for Gallium experiments [14, 15] with R = 0.553±0.034.

Ŕĺśĳňă ć ĘİŠŤ šőň 79 ćżŕ. 5 { 6 2004

Neutrino flavour relaxation or neutrino oscillations? 309

But it is worth to mention, that the R value depends on the accuracy of SSM theoretical predictions.

For the case of pure initial muon neutrino or antineutrino flux (like in accelerator experiments) P_{νμ} (0) = 1, P_{νe} (0) = P_{ντ} (0) = 0 the solution of Eq. (8) is

P_{νe} (r)=1/3 [1 − e�^{r/Λ1Eν} ] , P_{νμ} (r)=1/3 + 1/2 e�^{r/Λ0Eν} + 1/6 e�^{r/Λ1Eν} , P_{ντ} (r)=1/3 − 1/2 e�^{r/Λ0Eν} + 1/6 e�^{r/Λ1Eν} . (11)

Preliminary estimation of Λ_0 parameter can be done using K2K accelerator experiment data [5]. Taking the mean energy of muon neutrino flux E_ν = 1.3 GeV, distance r = 250 km,

R = P_{νμ (measured)}/P_{νμ (expected)} = 0.70

we obtain:

Λ_0 = 0.21 km/MeV .

Fig.2 illustrates the distance dependence of neutrino fluxes from muon neutrino beam (E_ν = 1.3 GeV).

Fig.2. Probability to observe di¸erent ‚avours from accelerator muon neutrino beam for E˚ = 1.3 GeV

It is necessary to note that the estimations of neutrino relaxation parameters Λ_0 and Λ_1 are very preliminary and were made for illustration of relaxation model. More precise calculations can be done, taking also into account atmospheric neutrino data.

Finally we would like to emphasize the main difference between the standard oscillation theory and the proposed here relaxation model: the dependence of neutrino flavour fluxes from distance is described by the sum of constant and 2 relaxation exponents, instead of oscillation case. Fig.3 illustrates this difference for reactor antineutrino experiments.

Fig.3. The ratio of measured to expected eνe ‚ux from Kamland [2] and Chooz [16] reactor experiments. Dotted curve | predictions of oscillation model with sin^2 2θ = 0.91 and δm^2 = 6.9 · 10�^5 (eV)^2 best ˛t parameters from [2]. Solid curve { predictions of \simple" relaxation model

Forthcoming reactor and accelerator neutrino experiments can provide the necessary data to choose between the neutrino oscillations and the proposed flavour relaxation model. Of course, the possibility to have a mixture of neutrino oscillation and relaxation processes also exists.

The authors would like to thank academician S. T. Belyaev and prof. M. I. Katsnelson for fruitful discussions.

1. Q. R. Ahmad, R. C. Allen, T. C. Andersen et al., SNO collaboration, Phys. Rev. Lett. 89, 011301, (2002); S. N. Ahmed, A. E. Anthony, E. W. Beier et al., SNO collaboration, nucl-ex/0309004, (2003).

2. K. Eguchi, S. Enomoto, K. Furuno et al., KamLAND collaboration, Phys. Rev. Lett. 90, 021802, (2003).

3. Y. Fukida, T. Hayakawa, E. Ichihara et al., SK collaboration, Phys. Rev. Lett. 81, 1562, (1998).

4. M. Ambrosio, R. Antolini, G. Auriemma et al., MACRO collaboration, Phys. Lett. B517, 59 (2001).

5. M. H. Ahn, S. Aoki, H. Bhang et al., K2K collaboration, Phys. Rev. Lett. 90, 041801 (2003).

6. B. Pontecorvo, ZhETF 34, 247 (1957) [Sov. Phys. JETP 7, 172, (1958)].

7. Z. Maki, M. Nakagava, and S. Sakata, Prog. Theor.

Phys. 28, 870 (1962); B. Pontecorvo, ZhETF 53, 1717 (1967) [Sov. Phys. JETP 26, 984, (1968)].

8. C. P. Slichter, Principles of Magnetic Resonance, Springer, Berlin, 1989; Malcolm H. Levitt, Spin dynamics: basics of nuclear magnetic resonance, John Wiley & Sons, England, 2001.

9. W. Pauli, Collected Scientific by Wolfgang Pauli, Vol. 1, Interscience, New York, 1964.

Ŕĺśĳňă ć ĘİŠŤ šőň 79 ćżŕ. 5 { 6 2004

10. K. Blum, Density Matrix Theory and Applications, Plenum Press, New York, 1981.

11. A. Y. Smirnov, hep-ph/0311259 (2003).

12. B. T. Cleveland, T. Daily, R. Davis et al., Astroph. J.

496, 505 (1998).

13. J. N. Bahcal, M. H. Pinsonneault, S. Basu et al., Astroph. J. 555, 990 (2001).

14. J. N. Abdurashitov , V. N. Gavrin, S. V. Girin et al.,

SAGE collaboration, Phys. Rev. C60, 055801 (1999); J. N. Abdurashitov, V. N. Gavrin, S. V. Girin et al., Nucl. Phys. Proc. Supl. 110, 315 (2002).

15. M. Altmann, M. Balata, P. Belli et al., GNO collaboration, Phys. Lett. B490, 16 (2000); M. Altmann, M. Balata, P. Belli et al., Nucl. Phys. Proc. Supll. 91, 44 (2001).

16. M. Apollonio, A. Baldini, C. Bemporad et al., CHOOZ collaboration, Eur. Phys. J. C27, 331 (2003).

Ŕĺśĳňă ć ĘİŠŤ šőň 79 ćżŕ. 5 { 6 2004