Determining the Neutrino Flavor Ratio at the Astrophysical Source
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We discuss the reconstruction of neu
Taking the ranges of neutrino mixir
that the accuracies In the measurerr
distinguish between the pion sou

Flavor Ratios at Source and Earth

The evolution of neutrino flavor ratio from the source to the Earth is given by the
probability matrix P, The figure below shows the evolution of neutrino flavor
ratio for pion source (blue circle) and muon-damped source (red circle).
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trino flavor ratios at astrophysical sources through the future neutrino telescope measurements. 1]
g parameters ¢; as those given by the current global fit, we demonstrate by a statistical method
ents of neutrino flux ratios between different flavors should both be better than 10% in order to
rce and the muon-damped source at the 3 o level.

Parameter Definitions

Tau neutrino signal changes with the energy. We define E, and E, as the
transition energy for tau neutrino signal. For instance, E, and E, correspond to
3.3 and 33.3 PeV respectively in km? size detector.l?l The figure in this panel
shows different types of neutrino-induced events. Dashed lines and solid lines
correspond to paths of neutrinos and leptons respectively. Black and red colors
denote energy levels less than E, and larger than E, respectively. Orange color

Indicates an energy level in between E, to E;, The ellipsoids are showers. We
define measurable ratio parameters as listed in the table below.
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Statistical Analysis

The relations between the measurement errors AR¥/R2 and AS?S2 with
a | and Il respectively are assumed to be dominated by statistical errors,
which implyl!

Asa:1+sa\/ R* AR®
S° Js® V1+R® R®

The statistical analysis iIs performed according to the following formula
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The best-fit values of mixing angles and allowed 16 and 36 ranges are sin “ 0,
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Pion Source, { ¢ (ve) : ¢ (v,) : ¢ (v)} = {0.33: 0.66 : 0}

AR'/ R'=10%, AS!'/S'=11.4% AR/ R"=10%, AS" /S"=11.7%

AR'/ R'=10% AR/ RI"=10%
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Conclusion:

Reconstructing the neutrino flavor ratio at the astrophysical source requires a huge
statistics for distinguishing between the pion source and the muon-damped source.

In the low energy case, both R and S should be measured for effectively
distinguishing different sources. In the high energy case, it is sufficient to just
measure R. However, the neutrino flux in this case Is expected to be suppressed.

References:

1]
10

N

K. -C. Lai, G.-L. Lin,and T. C. Liu, Phys. Rev. D 80, 103005 (2009); T. C. Liu, M. A. Huang and G.-L. Lin, arXiv:
04.5154 [hep-ph].

P. Berghaus et al., Nucl. Phys. B. Proc. Suppl. 190, 127 (2009)

J. F. Beacom, N. F. Bell, D. Hooper, S. Pakvasa and T. J. Weiler, Phys. Rev. D 68, 093005 (2003); 72, 019901(E) (2005).
P. D. Serpico and M. Kachelriess, Phys. Rev. Lett. 90, 211102 (2005).

K. Blum, Y. Nir, and E. Waxman, arXiv:0706.2070.

M. Maltoni, T. Schwetz , M. Tortola and J. W F Valle, New J. Phys. 6, 122 (2004).

For a review, see S. Pakvasa, Mod. Phys. Lett. A 19, 1163 (2004).

XN 0w

/;U.

M. KachelrieR, S. Ostapchenko and R. Tom~as, Phys. Rev. D 77, 023007 (2008).; J. P. Rachen and P. Mészaros, Phys.

ev. D 58, 123005 (1998); A. Bulmahn and M. H. Reno, Phys. Rev. D 79, 053008 (2009).



