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Overview

* Models of protoneutron star cooling and neutrino
cooling timescales

* Impact of convection on neutrino emission

* Impact of opacities on neutrino emission

Caveat: No neutrino oscillations included



Core Collapse —————
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Self Consistent Spherically
Symmetric CCSN Explosmns
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Only possible for low mass progenitors, mainly ECSN



Long Term PNS Evolution
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s (ky/baryon)

Long Term PNS Evolution
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Late Time Neutrino Emission

Will have tens of thousands of detections from next galactic CCSN
Kelvin-Helmholtz evolution of the neutron star mediated by neutrinos
Coupled neutron star structure and neutrino transport

Sensitive to dense matter equation of state, neutrino oscillations

Possibly cleaner problem than explosion mechanism
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Anatomy of the Neutrino Signal

Core deleptonization
Deleptonization burst

Accretion phase

Mantle contraction

Core Cooling

Neutrinosphere recession
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Anatomy of the Neutrino Signal
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Anatomy of the Neutrino Signal
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Y, and Y;

Progenitor Dependence
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Proto-Neutron Star Convection
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See also Mirizzi et al. (2015)



Proto-Neutron Star Convection
Dependence on the EoS
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Comparison of Count Rates including
Convection and Opacity Corrections
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Opacity Dependence of Late Time
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Impact of Nuclear Correlations on Neutrino Opacities

See Horowitz ‘93, Reddy et al. ‘99, and Burrows & Sawyer ‘g9q
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Impact of Screening
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Variations in the Interaction
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The Deleptonization Rate

Nuclear symmetry energy also

effects deleptonization rate of PNS g B
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Conclusions

The long term neutrino cooling signal is not particularly sensitive to
progenitor structure for fixed remnant mass

PNS convection significantly impacts the neutrino cooling timescale,
produces a break in the neutrino emission

Convection is sensitive to the nuclear EoS (mainly the symmetry energy)
Neutrino opacities especially important to the late time cooling timescale

In particular, nuclear correlations can also leave a signature on the tail of
the neutrino signal



