arXiv:hep-ph/0502241 v1 27 Feb 2005

Contribution of U_{e3} to geo-neutrino flux

Subhendra Mohanty Physical Research Laboratory, Navrangpura, Ahmedabad - 380 009, India

We show that a non-zero Ue3 close to the CHOOZ bound (Sin^2 2θ13 ≃ 0.16 90% CL) can change the geo-neutrino flux by 12%. Geo-neutrino detection in Kamland with a exposure of 3×10^{32} proton− years is sensitive to Sin^2 2θ13 to the level of 0.2(1σ). For the same exposure a detector close to Himalayas can probe Sin^2 2θ13 down to 0.15(1σ) due to higher geo-neutrino flux from the Tibetan plate.

PACS numbers:

The Kamland measurement [1] of geo-neutrinos [2] has shown the possibility of using this neutrino source to learn about the earth as well as to determine neutrino properties. The first step in using these measurements would be to determine the geochemical properties of earth -mainly the Uranium and Thorium distribution [3] using the known bounds on neutrino parameters. The Bulk Silicate Model of the earth predicts the neutrino flux at Kamioka Φ = (3.7±0.2)×10^6cm^{−2}s^{−2} i.e an accuracy of 5%(1σ) [4],[5]. A five kiloton-detector over a period of five years can have enough statistics to measure the total geo-neutrino events with a statistical accuracy of 5% (at 1σ) [4]. With this accuracy in theory and experiment in mind it is worth investigating what neutrino properties can be tested using the geo-neutrinos.

In this paper we do a three flavour calculation of ν̄_e survival probability assuming a non-zero mixing angle θ_{13} close to the bounds from CHO0Z [7] and Palo Verde [8], Sin^2θ_{13} < 0.16(0.25) at 90%CL(3σ) (assuming Δm_{13} = 2.0 × 10^{−3}eV^2 [6]). In a two flavour analysis where the neutrino oscillations are determined by the solar neutrino mass scale Δ_S = 7.3 × 10^{−5}eV^2, the oscillation length at the geo-neutrino energies is less than 100Km. So the oscillation probability for geoneutrinos which are mostly from larger distances is well approximated by P ee = 1 − 0.5 Sin^22θ_{12} = 0.57 (taking Sin^22θ = 0.86). Full calculation of the two flavor oscillation probaility reveals that the energy dependent term changes by less than (3%) [5], [9] as E_{vis} varies in the geoneutrino spectrum range 1M eV − 2.5M eV . In three flavor oscillations (which in the geo-neutrino energy range is given by the formula (1) shown below), the oscillation lenghth associated with the atmospheric neutrinos mass scale Δm_a ≃ 2 × 10^{−3}eV^2 is larger than the diameter of the earth so the energy dependent term cannot be averaged 0.5 and a full three flavor calculation needs to performed if Sin^22θ_{13} ≠ 0.

The three flavour oscillation formula relevant at geoneutrino energies and length scales is P_{ee}(E, L) = 1 − Sin^22θ_{13}Sin^2 ( Δ_aL 4E )

− Cos^4θ_{13}Sin^22θ_{12}Sin^2 ( Δ_sL 4E ) (1) where Δ_s = (m^2 − m^2_1) = 7.3 × 10^{−5}eV^2 is the solar mass scale, Δ_a = (m^2_3 − m^2) ≃ (m^2_3 − m^2_1) = 2.5 × 10^{−3}eV^2 is the atmsopheric mass scale, Sin^22θ_{23} = 1 and Sin^2θ_{12} = 0.863. We have taken the best fit values of these parameters and ignored the errors as we want to illustrate the effect of Sin^2θ_{13} on the survival probability and since the main source of error is the statistical error in the experiment because of small number of events. The spectrum of geo-neutrino events detetected can be expressed by dN dE = N_p t σ(E) ∑ X ( dn_ν dE ) X ∫ 0 2R_⊕ dL P_{ee}(E, L) n_X (L) τ_x (2) where N_p is the number of protons in detector fiducial volume, t the exposure time, σ(E) the cross section of the reaction ν̄_e + p → e^+ + n [10]. Since the threshold of the reaction is E_0 = m_n + m_e − m_p = 1.804M eV , this reaction detects neutrinos from the decay chain of^{232}T h (E_{max} = 2.25M eV ) and^{238}U (E_{max} = 3.26M eV ), whereas neutrinos from^{40}K (E_{max} = 1.31M eV ) are below threshold. Kamiokande reports events as a function of the visible energy E_{vis} = E −E_0 +2m_e ≃ E −0.8M eV which is the energy released on the annihilation of the positron by the ambient electrons.(dn_ν /dE)_X represents the number of neutrinos per energy interval produced by the decay of X = T h, U [11]. The number density n_X (L) of U, T h as a function of distance L from the detector has to be put in assuming some specific earth model. We have taken the distribution given for n_X (r)/τ_X from Tables VIII and X of reference [5] for the Kamiokande detector. For the Himalayan detector we take the crustal values of n_U (r)/τ_U from Figure 1 of reference [5]. The n/τ values for Thorium is determined by taking the same ratio for (n/τ )_{T h}/(n/τ )_U as the crustal distribution for Kamioka.

The results for geo-neutrino events spectrum at Kamioka are shown in Figure 1 for different values of Sin^22θ_{13}. The geo-neutrino events spectrum for a possible detector [12] at the Himalayas is shown in Figure 2. We find that when we change Sin^22θ_{13} from 0 to 0.2 the oscillation probability averaged over the energy spectrum of geo-neutrinos, ⟨P_{ee}⟩, decreases by 12%. To achieve a 12% experimental accuracy in the statistics a total of about 100 events are needed. This can be achied in Kamiokande with an exposure of 3×10^{32} proton-years. In the Himalayas the geo-neutrino flux is higher since the

Tibetan plateu is twice the thickness of the average continental crust (30km). As a result the geoneutrino flux at the Himalayas is larger by by a factor of 1.8 compared to the flux at Kamioka. The same exposure at Himalayas will result is 187 events and a statistical uncertainity of 7.3% which means that Sin^22θ_{13} at the Himalayas can be probed down to 0.15 for an exposure of 3 × 10^{32} protonyears.

If a geoneutrino detector can have an exposure of

16 × 10^{32} proton years ( 5 − kiloton detector run for 4 years) then the statistical error is down to 5% and if the uncertainities in the BSE model [4] can also be brought down to 5% then there exists the possibility that one can probe Sin^2θ_{13} down to 0.06 which close to what can be achieved with proposed reactor neutrino experiments [6] (assuming that uncertainity in other neutrino parameters -mainly Sin^2θ_{12} can be brought to below 5% level as well from other experiments).

[1] K. Eguchi et al. [KamLAND Collaboration], Phys. Rev.

Lett. 90, 021802 (2003) [arXiv:hep-ex/0212021]. [2] L. M. Krauss, S. L. Glashow and D. N. Schramm, Nature 310, 191 (1984);

R. S. Raghavan, S. Schonert, S. Enomoto, J. Shirai, F. Suekane R. S. Raghavan, S. Schonert, S. Enomoto, J. Shirai, F. Suekane and A. Suzuki, Phys. Rev. Lett. 80, 635 (1998);

C. G. Rothschild, M. C. Chen and F. P. Calaprice, Geophys. Res. Lett. 25, 1083 (1998) [arXiv:nucl-ex/9710001]; G. Fiorentini, F. Mantovani and B. Ricci, Phys. Lett. B 557, 139 (2003) [arXiv:nucl-ex/0212008];

[3] G. Fiorentini, T. Lasserre, M. Lissia, B. Ricci and S. Schonert, Phys. Lett. B 558, 15 (2003) [arXiv:hepph/0301042]; H. Nunokawa, W. J. C. Teves and R. Zukanovich Funchal, JHEP 0311, 020 (2003) [arXiv:hep-ph/0308175].

[4] G. Fiorentini, M. Lissia, F. Mantovani and R. Vannucci, arXiv:hep-ph/0401085.

[5] F. Mantovani, L. Carmignani, G. Fiorentini and M. Lissia, Phys. Rev. D 69 (2004) 013001 [arXiv:hepph/0309013].

[6] K. Anderson et al., “White paper report on using nuclear reactors to search for a value of theta(13),” arXiv:hepex/0402041.

[7] Eur. Phys. J. C 27, 331 (2003) [arXiv:hep-ex/0301017];

M. Apollonio et al. [CHOOZ Collaboration], Phys. Lett. B 466, 415 (1999) [arXiv:hep-ex/9907037].

[8] F. Boehm et. al., Phys. Rev. Lett. 84, 3764 (2000) [arXiv:hep-ex/9912050].

[9] S. Mohanty, arXiv:hep-ph/0302060.

[10] C. Bemporad, G. Gratta and P. Vogel, Rev. Mod. Phys.

74, 297 (2002) [arXiv:hep-ph/0107277];

P. Vogel and J. F. Beacom, Phys. Rev. D 60, 053003 (1999) [arXiv:hep-ph/9903554].

[11] V.D.Rusov, V.N.Pavlovich, V.N.Vaschenko, V.A.Tarasov, D.A.Litvinov, V.N.Bolshakov and E.N.Khotyaintseva, arXiv:hep-ph/0312296; http://www.awa.tohoku.ac.jp/sanshiro/ neutrino/old/neuspe.html [12] D. Indumathi [INO Collaboration], “India-based Neutrino Observatory (INO),” Pramana 63, 1283 (2004); http://www.imsc.ernet.in/ ino/

FIG. 1: Geoneutrino event spectrum and total number of events N at Kamioka for different values of Sin^2 2θ13.

FIG. 2: Geoneutrino event spectrum and total number of events N for a detector [12] close to Himalayas for different values of Sin^2 2θ13 . The event spectrum at Kamioka is also shown for comparison.