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Neutrino oscillations & Fast flavor conversion (FFC)
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QCD phase-transition supernovae
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* Neutrino signal is dominated by 7, in a galactic event.

U,+peon+e’

* Possible site for rapid neutron capture (r process).




R-process in QCD supernova
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QCD phase-transition supernovae
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Occurrence of fast flavor conversion
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Potential effects on nucleosynthesis
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* |nverse beta decay (IBD) channel at the peak is nearly independent of the
oscillation schemes, but difference in energy spectra is expected

A jump between FFC and no-FC phases may be detectable ZX. WU, et al., arXiv:2505.19592 (2025)]
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Neutrino quantum kinetic equation (VQKE)

[G. Sigl, G. Raffelt, 1993; A. Vlasenko, G. Fuller, V. Cirigliano, 2014; C. Volpe, 2015; S. Richers, G. McLaughlin et al., 2019 ...]
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Global vVQKE simulation set-up

Background matter profile (snapshot) in spherical symmetric supernova model from
AGILE-BOLTZTRAN, 25M,, progenitor, post-bouncing time z,, ~ 250 ms
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Global vVQKE simulation
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Global vVQKE simulation
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Global vVQKE simulation
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Effective prescription applicable for hydro simulations
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* incorporate analytical prescriptions into classical framework of neutrino transport

- Prescription excellently captures the flavor evolution of the solution from vQKE
- feasible robust integration of fast flavor conversions
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Role of matter inhomogeneity on fast tlavor instability
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Impact on dispersion relation
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Behaviors in linear regime
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Competition between the drifting in k-space and the growth of unstable
)m > (Imxk, )"

Large gradient of inhomogeneous matter profile can delay the

growth of fast flavor instability.

17



Fast flavor conversion in many-body picture
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Summary & Outlook

 FFC occurs in QCD phase-transition supernovae
IN two major phases;
can affect nucleosynthesis and neutrino signal.

* Global QKE simulation in a spherical symmetric supernova model
Asymptotic state at the coarse-grained level with EMLN crossing erased.
Collisional feedback.

Implication of prescriptions show excellent agreement with the vVQKE solution.

* Large gradient of inhomogeneous matter potential can delay the
growth of fast flavor instability.

 Many additional studies lie ahead:

spherical symmetry? time-dependent matter profiles & feedback on matter?
muon creations”? many-body? ...7
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