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CCSN dynamics hinges on neutrino energy spectrum, angular
distributions, and their flavor dependent structures
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Lepton number transportby neutrinosis
a key player to determinejrocess nucleosynthesis.
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A kinetic frameworks essential for modeling of neutrino radiation field

Figure by Thomas Janka 2017
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Boltzmann neutrino transport
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(Time evolution + Advection Term) (Collision Term)

6-dimensional phase space
dN = f(tapv m)dSdex

Conservative form of GR Boltzmann eq.
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(Real Space) Shibata, Nagakura, Sekiguchi, and Yamada (2014)
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Various Approximate approaches solving neutrino transport

\v Gray (energyntegrated) neutrino transport

\» Diffusion approximation (e.g., MGFLD)

\ Leakage method
v Two-moment method

(v Rayby-Ray approximation - CCSN ™
simulations

\» Isotropic Diffusion Source Approximation (IDSA) y



Neutrino oscillation induced lselfinteractions
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\s This is a norequilibrium quantum mampody problem

Sea of neutrinos

\/ Neutrino dispersion relations are modified by refractive effects, analogous to the
MSW effect in matter

(Refractive effect is essentially analogous to those for photons in a medium as wel

\, Because neutrino flavor (or mass) eigenstates span multiple states (at least three),
neutrino selfinteractions can enhance flavor coherence



Rich flavorconversion phenomena driven by
neutrino selfinteractions

Am
- Slowmode (Duan et al. 2010) Vacuum: © = 55
Matter: = v2G,m..
n Energydependent flavor conversion occurs. Selfint:  , — oG,

N The frequency of the flavor conversion is proportional-\

- Fastmode (FFC) (sawyer 2005)

n Collective neutrino oscillation in the limit ofTh 1 @
n The frequency of the flavor conversion is proportional.
N Anisotropy of neutrino angular distributions drives the fast flagonversion.

- Collisional flavor instability (CF#phns 2021)
n Asymmetries of matter interactions between neutrinos and argutrinos

drive flavor conversion. . .
n Matter-interaction rate

- Matter-neutrino resonanceMailkuset al. 2012)
n The resonance potentially occur in BNSM/Collapsar environment (but not in CCSI

n Essentially the same mechanism as MSW resonan-




