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Neutrino Physics in CCSN & BNSM

Core-collapse supernova (CCSN)

o i SRLUERE Neutrinos: coupling weakly with matters
- As a mediator for thermal energy/momenta/leptons

= One of the uncertainties is “Neutrino Oscillation”
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Quantum Kinetic Neutrino Transport

Beyond Boltzmann eq.:
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Quantum Kinetic Neutrino Transport

Beyond Boltzmann eq.:
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Global Effect on Neutrino Background
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Global Effect on Matter Background

Bhattacharyya+ ‘25
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Bhattacharyya+ (2504.11316) reported
“Inhomogeneous matter can suppress
the growth of flavor instability.”

Competition between growth time
vs. matter inhomogeneity



Global Effect on Matter Background
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Attenuation Technology for Global

Quantum Kinetic Equation in 1D spherical symmetry (r; E,, 0,):
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Successful Attenuation Technology

Attenuation Convergence in Spherically Symmetric Models

Time averaged over the quasi-steady state
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+ Background Matter Profile

Background matter profile: Radially declines w/ power index m.
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Strong Attenuation: £ = 710

Strong attenuation & Flat Matter Profile: 4
Flavor conversion can occur. 5 = 10
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Strong Attenuation: £ = 710

Strong attenuation & Steep Matter Gradient: 10~ A
Flavor conversion can be suppressed. g = 10
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Strong Attenuation: £ = 710

Strong attenuation & Steep Matter Gradient:
Flavor conversion could be suppressed.
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Weak Attenuation: &= 7102

Weak attenuation & Steep Matter Gradient:
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Weak Attenuation: &= 7102

Weak attenuation & Steep Matter Gradient:
Flavor conversion can occur.
But a higher resolution is required to resolve shorter matter oscillations. 7le > Ty,
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Attenuation vs. Matter Gradient

Strong attenuation extends the time delay until FFC occurs.
- Background significantly changes during it.
- Attenuated Hamiltonian feels the variation heavily.
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Growing mode vs. Background Shift

Focus on the radial profile of local unstable branches.
pex = Qexp i(2 — K - )]

Radial variation of the background appears.
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Growing mode vs. Background Shift

Refraction from the background varies with propagation.
- Even initially unstable modes become stable.

Focus on the condition that flavor waves can adiabatically grow.

- Competition

Growing scale
VS.
Refraction-changing scale

but sensitive to attenuation
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Adiabaticity for Flavor Wave

Adiabaticity at each radius:
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The condition that the flavor wave can adiabatically grow:
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Adiabaticity for Weak Attenuation
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Resolution for Finite Matter Density
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Summary & Conclusions

« Fast Flavor instability
vs. Global background variation
vs. Attenuation

 There are some caveats as numerical i1ssues.

1. Attenuation

1. It overestimates the changes in the background matter/neutrinos
during the exponential growth.

2. Resolution

1. It could not capture the shifted unstable branch due to significant
matter density.

They could confuse us about whether the
suppression is true or artificial.

- Be careful in calculating the global QKE for FFI, and particularly
CFI and SFI, which have relatively longer oscillation scales.
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