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From: H. Nomoto

SN feedbacks by
- explosion shocks

- nucleosynthesis

supernova (SN) to galatic evolution

Death of stars
- White dwarfs — SN la
- Massive stars — Core-Collapse SN
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Remnant neutron stars/black holes

\ Multi-messenger sources

- Radio, IR, Optical, UV, X-ray
- Long gamma-ray burst

- Gravitational waves (GW)

- Neutrino signals

SN1987A, Credit: HST, JWST
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Neutrinos from core-collapse supernova

A stellar collapse releases ~10%3erg gravitational energy
* ~99% Is carried away by neutrinos

SN explosion energy ~105" erg (Bethe 1990)
Explosion energy of a nuclear bomb ~1024 erg (The World Book Encyclopedia)
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CCSN explosion driven by neutrino heating

R, ~ 200 km

From: Janka

Neutrino-heating explosion mechanism aided by
hydrodynamic instabilities in the post-shock layer
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Simulation overview, input and output
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Challenges of simulation

« 3-dimension flows
 Multi-scale: 10°’s km to 1078 km

* Neutrinos from diffusion to free-
streaming -> require kinetic theory ->
a 6D problem

» Unclear physics: equation of state &
neutrino interaction rates

» Strong gravity (M/r~0.1-0.2) & high
velocities -> relativistic effects

- Combine strong, weak, gravity, EM
Interactions in ab-initio simulations

3D models take 1-10’s million core hrs

not to scale

- - >
Adapted from Mdller ~10%km
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Simulation results in the forefront

MPA Garching ~7 mins (3D progenitor evolution) to ~7s
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What can we learn from neutrinos?

SN1987A detection, 24 events
« ~3x10°3 ergs radiated in v’s

- Mean temperature: ~4MeV
* Neutrinosphere radius ~20km
* Ve lifetime > 5x1012s

* Y mass <30eV

* Indicates a modest core mass
(Bruenn 1987, later by O’Connor
& Ott 2013)

» Constraints on hypothetic axion
mass
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Dependence on progenitor star
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Dependence on Equation of State (EoS)
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SASI-induced variations

« SASI: Standing Accretion
Shock Instability

» Sloshing motions (of stalled
shock) result in quasi-periodic
and asymmetric neutrino
emission

 Sloshing frequency relates to
shock and proto-neutron star
radius

- May help to reconstruct the
shock trajectory
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Simulated Count Rates
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Quark (hybrid) stars

* More stable than neutron matter at high density (?)

* Smaller radius than neutron stars (?)
Witten 1984; Haensel et al. 1986
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Hadron-quark phase transition

. [Barly May offer an alternative
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1st-order phase-transition-driven successful CCSN

Electron anti-neutrino
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https://arxiv.org/abs/2007.04716

Unique signature of cross-over phase transition
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A more likely evolution scenario

Hadronic core Quark core Black hole
| \
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A metastable stage

19



M-R relation for hot proto-compact star with PT
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Consequences of phase transition in Failed CCSNe

BH formation
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https://arxiv.org/abs/2103.02268

Neutrino signals

Terminate at BH formation | Variations after 2nd collapse
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Two subclasses

Less compact More compact
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A roadmap for future developments

Partially an answer for Xiaodong’s question

Neutrino Boltzmann equation: Neutrino distribution function
of ., Of1 [df f=f(t,7,p,) 7D
P lowe ~ P 5| T ar
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A new-generation MC transport solver
alongside dynamic simulations

A 3-5 years project
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e Inelastic scatterings

e Fast flavor conversion
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Thank you for your attention!
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