NOE Note: 9/98 Authors: G.C. Barbarino, P. Bernardini, A. Di Credico, F. Guarino, V. Palladino, U. Rubizzo, E. Scapparone, E. Weber Date: June 98 Institutions: Lecce, LNGS, Napoli

Requirements from NOE for ˚_τ appearance in the NGS˚ beam

Abstract

Recent claims for neutrino oscilations from atmospheric neutrino experiments suggest values of the oscillation parameters that impose tight requirements to the neutrino beam energy shape for a LBL experiment in order to maximize the ˚_τ production. In this report the effect of the ˚_τ cross section and oscillation probability will be discussed, and a comparison of different proposed beams will be shown.

1 General considerations

The rate of ν_τ CC events detected in ν_μ → ν_τ appearance experiments is given by

R_τ = A Z Φ_μ(E)σ_τ (E)P_{osc}(E)dE where E is energy, Φ_μ(E) is the neutrino flux, σ_τ (E) is the ν_τ charged current cross section, P_{osc}(E) the oscillation probability and A the number of target nucleons in the target detector.

The oscillation probability P_{osc}(E), in the case of mixing of two neutrinos, is given by

P_{osc}(E) = sin^2(2θ) sin^2(1.27Δm^2L/E)

Fig.1 shows its energy dependence for different values of Δm^2 in the range 5 · 10�^4 to 10�^2 eV^2.

ν_μ and ν_τ CC cross sections (see appendix A) as a function of energy are shown in Fig.2 and 3 respectively. In particular the σ_τ (E) cross section grows slowly with energy above a threshold of about 3.5 Gev.

The function σ_τ (E)P_{osc}(E) is shown in Fig.4 for different values of Δm^2. The shape of the energy spectrum of the neutrino beam has to be such to provide most of its flux where this function is large. One would thus maximize the rate R_τ of ν_τ CC events. It appears therefore that the optimal energy is about 15 Gev for the highest values of Δm^2 (0.01 eV^2) and decreases gently with the value of Δm^2 towards a limiting value of about 10 GeV.

2 Comparison of proposed beams

As an example the rate of ν_τ CC interactions for 10^{19} protons on target and per kton has been calculated for different proposed beam configurations [1],[2],[3]. Fig. 5 shows the ν_μ CC interaction spectra for the different beams. The rate of ν_τ CC interactions is shown in Fig. 6 as a function of Δm^2. It is clear that a beam like the one proposed by Ball et al. in [1], rather narrowly peaked around an energy that better matches the requirements of section 1, gives the highest tau yield.

Fig 7 shows the rate of residual ν_μ CC interactions. From comparison of Fig. 6 and Fig. 7 one can also conclude that the beam in ref [1] has a higher ratio of oscillated to unoscillated events (the best signal to noise ratio) when compared to the one of ref [2]. In particular Fig.5 shows that the event rate of ref [1] above ∼ 20 GeV is only about 25% of the one of ref [2]. Therefore in ν_τ appearance

Figure 1: Oscillation probability at Gran Sasso for different values of Δm^2

Figure 2: Ratio of ν_μ CC cross section over its energy

Figure 3: Ratio of ν_τ CC cross section over its energy

Figure 4: ν_τ CC cross section times oscillation probability at Gran Sasso for different values of Δm^2

Figure 5: ν_μ CC interaction spectra for different proposed beams

searches in the τ → e channel, the contribution of NC (π^o) will be reduced by the same amount.

Appendix A: ˚ interaction cross-sections

The cross sections used here are derived from the MonteCarlo code of Lipari- Sartogo [4] [5], developed mainly for the MACRO experiment analysis. It includes also processes which are of relevance at low energies (few GeV). The total crosssection is the sum of three contributions: quasi elastic scattering (QEL), single pion production (RIS) and deep inelastic scattering (DIS). The DIS is considered only for W_c > 1.4 GeV, and RIS for W_c < 1.4 GeV to avoid double counting.

1. QEL - Nuclear effects are included (p_{Fermi} = 0.220 GeV/c) and the lepton masses are taken into account. So are the effects due to binding energy [6].

2. RIS - We used Fogli and Nardulli [7] instead of the more common (see NOMAD and MINOS) Rein and Segal approach. Mass effects are included.

3. DIS - Parton density functions: GRV-LO Q^2min=0.25 GeV^2 called through the PDF library - Mass effects are included.

Satisfactory qualitative comparisons were made with other cross section sets from NOMAD (A.Marchionni) and from MINOS [8].

Figure 6: ν_τ CC interactions for different beams vs Δm^2

Figure 7: Residual ν_μ CC interactions for different beams vs Δm^2 in the range 0 ≤ E_ν ≤ 50 GeV.

References

[1] A.E. Ball, S. Katsanevas and V. Vassilopouls, ’Design Studies for a Long Baseline Neutrino beam’ CERN/ECP 95-13

[2] ’The CERN neutrino beam to Gran Sasso (NGS) - Conceptual technical design’, CERN 98/02 and INFN/AE-98/05

[3] M Apollonio et al, addendum to the expression of interest to the Gran Sasso Scientific Committee ’Studies for a long baseline accelerator and atmospheric neutrino oscillation experiment at Gran Sasso’

[4] P. Lipari, M. Lusignoli and F. Sartogo - The neutrino cross-section and upward going muons Phys. Rev. Lett. 74 (1995) 4384-4387

[5] F. Sartogo - Interazioni di neutrino atmosferci: un modello fenomenologico e la sua applicazione per l’interpretazione dei dati ottenibili in rivelatori sotterranei - Tesi di Dottorato (VIII ciclo, 1994/95) - Univ. Roma I ’La Sapienza’ (the ’referee’ of this thesis was G.L. Fogli)

[6] R.A.Smith and E.J.Moniz - Nucl. Phys. B43 (1972) 605

[7] G.L.Fogli and G.Nardulli - Nucl. Phys. B160 (1979) 116

[8] H.M.Gallagher and M.C.Goodman - Neutrino Cross Sections - Internal Note NuMi-112 (1995)