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Neutrinos iIn compact objects
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* intense sources of neutrinos in all flavors

* play important roles in dynamics and nucleosynthesis




Neutrino oscillations
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Collective neutrino oscillation as a many-body problem
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e Simplifications and assumptions:

coherent "forward" scattering only: interested in those which can be coherent and so
restrict the state space to the states where each of the neutrino's energy and
momentum remain unchanged (ranaleone 1992)
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no "incorrect” helicity
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energy of free neutrinos: \/lpl +m} ~ |p|+ml/(2|p|)

only neutrinos, excluding antineutrinos
two flavors in SU(2) symmetry: v, and v,

within a quantization volume V
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Collective neutrino oscillation as a many-body problem

By constructing the flavor isospin operators #+ = ald,,
a and #¢ = (afa, — ata /2 as well as u =1/2G.NIV,
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* comparison to Heisenberg model

flavor isospin spin

vacuum mixing &

MSW matter term magnetic field

all-to-all coupling nearest-neighbor coupling

dynamical evolution of flavor
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Beam geometry

state space

Increases exponentially ~ 2N for a general momentum configuration (up

tO N ~/ 20) (Rrapaj 2020; Patwardhan, Cervia, Balantekin 2022; Martin, Roggero, Duan, Carlson 2023; ...)

~ (N/Nyg,y + 1)eem: momenta are grouped into N, ., beams where

neutrinos in each beam have similar values for 23 and J
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Mean-field solution in two-beam geometry
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Bipolar nutation: flavor conversion
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Many-body flavor evolution
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* Both many-body and
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Summary and outlook

e Summary

We study the possible many-body effects of collective neutrino oscillations in
simplified configurations with zero vacuum mixing

We find decoherence in the flavor-isospin space as the many-body solution
deviates from that in the mean-field approximation

The entanglement and correlation develop in the similar time scale as flavor
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seeking for more tools from nuclear theory and many-body physics
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