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core-collapse supernovae & neutron star mergers
as laboratories of neutrino physics

neutrinos dominate or play important roles in
dynamics and nucleosynthesis

same nuclear physics input
EoS, neutrino opacities, neutrino oscillations,
nuclear reaction rates

parallel multi-messenger observables
neutrinos, light curve, gamma rays, gravitational waves,
chemical enrichments



neutrino processes in typical core-collapse supernovae
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neutrino interactions & oscillations
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Neutrino Emission from a Low-Mass SN
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neutrino decoupling from protoneutron star

E, [MeV]
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Setting n/p in the Neutrino-Driven Wind

n/p>1=1Y. <0.5

Qian et al. 1993
Qian & Woosley 1996

McLaughlin et al. 1996
@ Horowitz & Li 1999
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medium effects on neutrino opacities
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full kinematics incl. weak magnetism

effects of inverse n decay

T=7MeV, Y,=0.3, p=10"% gcm™3

- - = = elastic approximation incl. Horowitz (2002)
- - - elastic approximation

full kinematics and neutron decay
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self-consistent treatment of flavor oscillations in the winds
v, = Vs & Uy = Us : importance of feedback

e.g., McLaughlin et al. 1999;Tamborra et al. 2012
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logi10(P(Z, A))

potential effects of fast flavor oscillations

without oscillations

Xiong et al. 2020

Pee = 0.68, Péé = 0-55

flavor equilibration
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neutrino process

Woosley et al. 1990 o
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Banerjee, Qian, Heger, & Haxton 2016
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jets, accretion disks, gamma-ray bursts, & nucleosynthesis
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Guo, Qian, & Wu 2023

decay of
nuclei

r-process in collapsars (Siegel, Barnes, & Metzger 2019)



High-Energy Neutrino Production
collision of slow and rapid jets with 1" ~ 250-500
= mildly relativistic shock

shock acceleration of protons up to 106 GeV

pp, pYy reactions produce t, KT
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Guo, Qian, & Wu 2023
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core-collapse supernovae & neutron star mergers
as laboratories of neutrino physics

neutrinos dominate or play important roles in
dynamics and nucleosynthesis

same nuclear physics input
EoS, neutrino opacities, neutrino oscillations,
nuclear reaction rates

parallel multi-messenger observables
neutrinos, light curve, gamma rays, gravitational waves,
chemical enrichments



