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Production of High-Energy (HE) Neutrinos
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Annihilation of HE
and AD Neutrinos
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Flavor Evolution of AD Neutrinos
No Evolution (NE)
o = fa = 0pe
Adiabatic Evolution with Normal Mass Hierarchy (NH)
fo = Ussl”, fs = |Up1l’
Adiabatic Evolution with Inverted Mass Hierarchy (IH)
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Exotic Evolution (EE)
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Probability for HE Neutrinos to Survive Annihilation
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Effects on Source Spectra and Flavor Composition
without annihilation
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with annihilation
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Effect of Z Resonance
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IceCube Lab
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3 Background Atmospheric Muon Flux
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Neutrino Mixing in Vacuum

Ugi = (vglvi), Ugi = (Us|D;)

Neutrino Flavor Evolution in Matter

normal mass hierarchy

Inverted mass
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In the pre-shock and post-shock reference frames

first order Fermi Acceleration
(b)
U
P T4 P

(d)

» (a) Observer's frame, (b) reference frame of shock,
(c) upstream frame, (d) downstream frame

» When crossing the shock from either side, the particle sees

plasma moving toward it at a velocity of V = § 3



GRB standard paradig'm

Hyperaccreting Black Holes

Bimodal distribution
of tv duration

NS - NS
merger BH - NS

—a merger - \l, Short
(t<2s)

BH - WD

collapsar =
rotating, collapsing
"failed” supernova

NS/BH - He core merger
after common envelope



Low-Power GRBs

ellar envelope
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Murase & loka 2013



y (km)

Accretion Disk & Jets in Collapsars
MacFadyen & Woosley 1999
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