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Flavor Density Matrix

Mean-field approximation
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Flavor Transport

Equation of motion
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Flavor Instability

Homogeneous and isotropic gas
Electron flavor neutrinos and antineutrinos initially
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 Normal modes —> Collective oscillations (S, S ~ e™¥)

« Im(€2) > 0 —> Flavor instabilities aneriees (2011



Flavor Instability
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Flavor Instability in Dynamic Models
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* Collective flavor oscillations are the collective wave modes in the neutrino gas
with the dispersion relation 2(K).

e Im(€L2) > 0 —> Flavor instabilities.

. Slow oscillations occur on the distance scale of 1 km ( ~ 10 MeV/Am? ).

» Fast oscillations can occur on the distance scale of 1 cm ( ~ 1/Ggn,),
iIndependent of the neutrino energies.



Electron Lepton Number (ELN) Crossing
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 Slow flavor instability requires crossing in G(£): identical neutrino angular
distribution.

» Fast flavor instability requires crossing in G(V): independent of neutrino
energy.



Charged-Current Neutrino Interaction
0, +V-V)p=—i[H,p|+€

Consider the charged-current interactions such as
v,+n=e¢ +pandi,+p==c"+n
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Collisional Flavor Instability

Homogeneous & isotropic gas (single energy)

V-V, coherence

Johns (2021)



Collisional Flavor Instability

Homogeneous & isotropic gas (single energy, damping only)
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Collisional Flavor Instability

Homogeneous & isotropic gas
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Collisional Flavor Instability

Homogeneous & isotropic gas (damping only)
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A Simple Explanation

Flavor AxIs
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Two Types of Instability
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Re(Q)/u

Two Types of Instability
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Im(€2) [ps]

Two Types of Instability
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Criteria for CFI
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Black Hole Accretion Disk

BH-disk model
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Summary

 Charged-current neutrino interaction can trigger neutrino flavor conversions
through collisional flavor instability (CFl).

* CFIl can exist below the neutrino decoupling surface and without ELN angular
crossing = faster cooling of disk in BNSM (?)

 For homogeneous and isotropic environments, growth rate of CFl is the
neutrino “collision” rate averaged over the ELN energy distribution.

o Largest growth rate at where ELN =~ 0 = interaction with FFC (?)

* No qualitative change in anisotropic environments [Liu+ (2023)] (?)



