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Neutrinos in Supernovae

n’s + seed = heavy (A=100 ~ 200)
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Oscillations in Dense
Medium

active neutrinos, coherent forward scattering only
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Neutrino Self-Coupling

mass matrix ] electron density
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Oscillations in SN
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(1+3+3)D

e Coherent forward
" ~ &/~ scattering outside neutrino
sphere

p(t;r, 0, D; .0, p)
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(0+3+3)D

e Stationary emission

p(r,0,P; E 1, p)
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(0+2+3)D

P e V)

Axial symmetry around the
Z axis

p(r,©; E, 0, p)
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(0+1+3)D

Spherical symmetry about
the center (inconsistent?)

p(r; B0, ¢)
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(0+1+2)D
Multi-Angle/Bulb Model

Azimuthal symmetry around
any radial direction

p(r; E,0)
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(0+1+1)D
Single-Angle Model

Trajectory independent
neutrino flavor evolution

p(r; E)

Equivalent to an
homogeneous and isotropic
neutrino gas evolving with
time.
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neutrino antineutrino
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Multiangle Suppression

single-angle

multi-angle
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Nucleosynthesis

NO OSC.
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Conclusions

 Dimensionality of the supernova model matters in
collective neutrino oscillations.
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| Ine Model

Neutrinos emitted in single energy and two beams.
Two active flavors, “no matter & small mixing angle”
time independent, x translation symmetry, left-right symmetry

v - Vp=|-(w/2)nos + Hyu, p]
iv-Vp= :_(_W/Z)UO'S +H,., :5]

| Am/?]  +1 NH
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| Ine Model

Neutrinos emitted in single energy and two beams.
Two active flavors, “no matter & small mixing angle”
time independent, x translation symmetry, left-right symmetry
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| Ine Model

Neutrinos emitted in single energy and two beams.

Two active flavors, “no matter & small mixing angle”

time independent, x translation symmetry, left-right symmetry
iv-Vp=[=(w/2)nos +Hu, p
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| Ine Model

Electron flavor neutrinos and antineutrinos

p X
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Linear (flavor) stability analysis (Banerjee et al, 2011)
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Duan (UNM)

| Ine Model

(24— can be complex in IH/NH

L R
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(0+1+2)D
Multi-Angle/Bulb Model

Azimuthal symmetry around
any radial direction

p(r; E,0)
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(0+1+3)D

Spherical symmetry about
the center

p(r; B0, ¢)
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Homogeneous Gas
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- @ Multipole modes are decoupled in the linear regime




Inverted Hierarchy
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Normal Hierarchy
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Conclusions

 Dimensionality of the supernova model matters in
collective neutrino oscillations.

e Spontaneous breaking of directional symmetry in
momentum space = Collective neutrino
osclllations in both mass hierarchies
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| Ine Model

time independent, x=tesmmatmiram=awmarretry fetimsanateamearretry

Periodic condition
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A Toy Mode
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A Toy Mode
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(0+2+2)D

M Axial symmetry around the
Z axis
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Conclusions

* Dimensionality of the supernova model matters in
collective neutrino oscillations.

e Spontaneous breaking of directional symmetry in
momentum space = Collective neutrino oscillations in
both mass hierarchies

* Spontaneous breaking of spatial symmetry in position
space = Collective neutrino oscillations at larger
density

e Stay tuned
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