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Roles of Neutrinos in CCSNe

Massive star = 8 M, v-trapping Shock stalled Shock revival

Core collapse Core bounce Neutrino-heating

Neutrino-heating process:

» Shock wave stalls due to accreting matter and fails to explode.
« Neutrinos work as mediators because of their weakly-coupling nature with matter.

* Neutrinos transfer their energy from the hotter core to the colder
stalled shock.

Neutrino transport is essential in the theoretical studies/predictions.
— One of the uncertainties is neutrino oscillation.



Solar Neutrino Problem
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Sea of Leptons & Nucleons in CCSNe
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Neutrino Transport with Quantum Kinetics:
(O +v - V)p, = Clop| SN

* Collisions « (Gg2ny)
* Refractions « (Ggn;) ~ O(cm)!!



Possibility Search of Flavor Conversion
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Phenomenological Approach in 1D/2D

enhance Flavor conversion
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Simple prescriptions:
- Flavor equipartition
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Phenomenological Approach for GW

Perit ~ 101374 g em Perit ~ 10797 g cm3
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Quantum Kinetic Neutrino Transport

Observation

Neutrino heating
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Asymmetry Triggering Flavor Instability

Quantum Kinetic Equation: Self-interactions
(at + v - V),O — —1 [Hvac + Hmat + Hyl/a ,0] + Ccol
Collisions
e.g., Duan+ 06
Slow flavor
instability (SFI)
Asymmetry in energy eg., Sawyer 16
Tslow ~ O(y/pwy) " Fast flavor
instability (FFI) ., jonns =3
Asymmetry in angle Collisional flavor
Ttast ~ O(p ™) instability (CFI)
~ O(Ggn,) ™! Asymmetry in collisions
~1cm Teol ~ O(v/pl) ™! = O(T) ™!

Need separate understandings!! Relatively longer scale 9



Possibility Search of Flavor Conversion

2D-CCSN

100 g

Fast flavor
instability (FFI)

Mechanism of instability:
- Asymmetry in angles

Neutrino distribution
» Outside decoupling regions
 Forward-peaked

— Angular dist. is crucial.
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Asymmetry in Angular Distributions

ELN-XLN angular distribution:
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Local Simulation of Fast Instability
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Note: Flavor Equipartition for Species?
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Possibility Search of Flavor Conversion

2D-CCSN
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Local Simulation of Collisional Instability
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+ Classical S-Equilibrium (Feedback)

Case 2:

CFI can occur
near the neutrino sphere.
~ B-equilibrium with matter
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Summary & Conclusions

1. Refractive effects from background matter can lead to non-
negligible flavor conversion phenomena.

2. Neutrino flavor conversion can alter not only shock
dynamics and neutrino signals but also GW signals
from CCSN.

3. Direct computation of fast/collisional flavor
conversion exhibits the angular / energy structure of the

asymptotic states.

4. More accurate modeling of “Neutrino Flavor
Conversion” into CCSN is running!!
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