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Inferring flavor at the astrophysical sources

» The sources of TeV-PeV astrophysical neutrinos are unknown The ingredients: Flavor measured at Earth + oscillations

» We do not know where and how TeV-PeV neutrinos are made
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» Likely scenario: Protons of 10s of PeV interact with matter or photons,
p+y— nt— put+v, followed by put = et+v. +v,
» The production process depends on the conditions at the sources

» Different processes yield different ratios (f.s, fis, fos) = (Nes, Nus, Nes)/ N el |
of neutrinos of each flavor, e.g., the benchmarks
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» Goal: Find the process by which the sources produce neutrinos .
» How: Use the flavor composition — the relative number of v,, v,, v; — PDFs of oscillation parameters: IceCube flavor mﬁifgﬁTﬁn?’:”
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| — Today, flavor data show preference for v production via pion decay 20'8 i 1 A0 03 bs  leeCube 2015
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Flavor basics: From the sources to Earth 2
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(Here, the distributions are approximated by Gaussians)

Full m decay chain n decay + p synchrotron cooling Neutron decay
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» Then neutrino oscillations en route to Earth change the flavor ratios: Posterior probability density of fus b?i_n_g_t_h_e_ flavor ratios at the sources:
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The result: Flavor composition at the sources
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Our goal: From the Earth back to the sources

» Solve the inverse problem: From the flavor ratios f, e measured at Earth,

» [ceCube-Gen?Z: factor of 10

: f ? f » They will be able to single out

|dentifiable due to km-long muon track Can separate v, from v; statistically the v production mechanism

. Average v, fraction at sources f,s =1 — f.5
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» Complication: The flavor ratios at Earth and the oscillation parameters lceCube-Gen2 (2030) will %g ] lceCube-Gen? projected
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We have Inferred the flavor composition of high-energy astrophysical neutrinos at their sources, based on their flavor composition measured at Earth,
and accounting for measurement uncertainties. Using our procedure, upcoming detectors will be able to single out the neutrino production process.
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