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Neutrino oscillations in SNe
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Neutrino oscillations in SNe
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Neutrino oscillations in SNe

Anisotropic, nonlinear coupling of all neutrino
flavor evolution histories




SUOLJB[NUWIS [eDLISWNN]



SUOLJB[NUWIS [eDLISWNN]



001

N
o

0@ s0o

SUOL}E[NWIS [EDLISWNN]



Neutrino flavor isospin
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Neutrino flavor isospin

HZCUHV

Hy = —&! sin26, + &' cos 260,




urdsost I0AB[J OULIINAN]



Neutrino flavor isospin

NFIS s aligned (anti-aligned) with its effective
field H corresponds to instantaneous mass light
(heavy) mass eigenstate.

ce=—-—s-H

[f NFIS s remains aligned or anti-aligned with its
effective field H, the flavor evolution is adiabatic.



Flavor evolution histories of all neutrinos are the
same as those propagating along the radial
trajectories:
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Neutrino flavor isospin

Single-angle simulations capture many qualitative
features in multi-angle simulations, including
“Stepwise Spectral Swapping” of neutrino flavors.



Neutrino flavor isospin

Equation of motion:

Effective field:

V-V coupling:

Total NFIS:
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Quasi-static picture
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Quasi-static picture

In the absence of ordinary matter:
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Quasi-static picture
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Quasi-static picture
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Raffelt & Smirnov, arXiv:0705.1830 [hep-ph]
Duan, Fuller & Qian, arXiv:0706.4293 [astro-ph]



Quasi-static picture

normal mass hierarchy
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Stepwise spectral swapping

Mono-energetic ve-ve gas, n,1 = n, and n, 2 = an,.
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Stepwise spectral swapping
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Ec is essentially unchanged
as 0y is reduced by 8 orders
of magnitude!
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Stepwise spectral swapping

MSW-like resonance
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Stepwise spectral swapping

cos Yy

Py.v,
Ec changes from ~10 MeV to

~ 3 MeV as 0, is decreased
from 0.1 to 0.01.
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Neutrino-neutrino forward scattering can be
important for neutrino oscillations in SNe, which
may invalidate the conventional MSW
mechanism.

Two quasi-static solutions have been found for
flavor evolution in isotropic neutrino gases.

Stepwise spectral swapping of supernova
neutrino flavors can be used to probe neutrino
mass hierarchy (see arXiv:0707.0290 [astro-ph]).
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