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Neutrinos in core-collapse supernovae and neutron star mergers
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= Hydrodynamic evolution (energy, momentum, lepton number transport)
= Composition (proton fraction) through charged-current reactions

= Nucleosynthesis (weak & strong r-process, vp process,...)

= Deep probe of supernova dynamics for Earth-based detectors



Neutrinos in core-collapse supernovae and neutron star mergers
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= Hydrodynamic evolution (energy, momentum, lepton number transport) - _ _
= Composition (proton fraction) through charged-current reactions i Sensitive to decoupling energies,
= Nucleosynthesis (weak & strong r-process, vp process,...) luminosities,...
= Deep probe of supernova dynamics for Earth-based detectors




Neutrinos from core-collapse supernovae AHM
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Neutrinos from core-collapse supernovae AHM
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Supernova neutrino opacities

Neutrinosphere
T=5-10 MeV,
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Differential scattering cross sections

= Neutrino-nucleon scattering (weak neutral-current reaction)
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= Neutrino absorption (weak charged-current reaction)
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Response functions in many-body perturbation theory m
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Response functions in many-body perturbation theory m

= Mean field models (Skyrme, RMF)

= Fermiliquid theory

= Virial expansion

= Microscopic nuclear forces (e.g., chiral EFT)?
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1. Role of nuclear mean fields
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1. Role of nuclear mean fields
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1. Role of nuclear mean fields m
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1. Role of nuclear mean fields m
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1. Role of nuclear mean fields
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1. Role of nuclear mean fields

Roggero, Rrapaj, Holt (2016)
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Effect on supernova neutrino energies and outflow composition
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1. Role of nuclear mean fields

Roggero, Rrapaj, Holt (2016)
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Low-resolution nucleon-nucleon interactions

Phase-shift equivalent potentials:
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Low-resolution nucleon-nucleon interactions

Phase-shift equivalent potentials:
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Low-resolution nucleon-nucleon interactions

» Phase-shift equivalent potentials:
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2. Vertex corrections to response functions AHM

1st-order vertex correction

Vertex corrections require off-shell matrix elements:
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= Especially large off-shell matrix
elements associated with tensor force
from 1T —exchange



1st-order vertex corrections
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Caveat: nonphysical behavior in dynamic structure functions
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RPA vertex corrections to response functions m
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RPA vertex function
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RPA vertex corrections to response functions

Neutral current
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RPA vertex corrections to response functions
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RPA vertex corrections to response functions

Neutral current

Charged current
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Imaginary response for electron neutrino/antineutrino absorption
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Differential cross section and scattering length AHM
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Differential cross section and scattering length
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Differential cross section and scattering length
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Energy of collective mode
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Summary/Conclusions

= RPA vertex corrections crucial for modeling the effects of nuclear collective excitations

= The coupling to collective modes suppresses electron-neutrino absorption across all energies

= The coupling to collective modes enhances electron-antineutrino absorption at low energies
and suppresses absorption at high energies

= At low energies, mean fields and correlations shift strength into opposite energy regions, and
therefore both effects should be included on a consistent footing

* Need to develop improved microscopic interactions that can better capture resonant features
at low momenta (large S-wave scattering lengths, bound states in np channel)

= Future: implications for neutrino luminosities, explosion dynamics, nucleosynthesis, neutrino
flavor oscillation,...
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